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EXECUTIVE SUMMARY

1 This report-describes the program which was carried out by Colder

Associates to study the hydrogeological regime underlying the Soda

j * Springs facility of the Monsanto Industrial Chemical Company to assess

if past or current operations had impacted surface or subsurface water

quality.

|| The thorough and comprehensive approach comprised the following

activities: literature search of both public and private sources of

O data; preliminary field studies including geological reconnaissance,

pump testing, geophysical logging, water level monitoring of existing

test wells; installation of new test wells on the basis of the inter-

|^ pretation of the preliminary fieldwork; geophysical logging and hydraul-

ics testing of the newly installed test wells; water quality sampling of

I all on-site production wells and test wells, the e f f luen t stream, some

off-site wells and springs adjacent to the plant site; data anlaysis and

p interpretation to produce a hydrogeological model and to assess the im-
ii

pact of operations on ground water quality.

*"i The program included the evaluation of data f rom the existing 7

__ test wells, 3 plant productions wells, 4 off-site wells, 5 local springs

|jj and the installation and evaluation of results from a further 31 onsite

new test wells. The new test well installations comprised groups of

§•: nested test wells each completed in specific zones identified within the

basalt sequence to permit sampling for water quality, water level moni-

H toring to determine ground water flow directions and the possibility of

intercommunication between monitored horizons, both naturally or as a

B result of existing test well installation.

_,. Water quality sampling was undertaken using E P A ' s c u r r e n t l y

KJ recommended procedures. A quality assurance quality control program was

established to verify the laboratory generated water quality data.

Colder Associates
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Analysis of the geological and hydrogeological data obtained during

the study indicates that a complex hydrogeological environment exists

beneath the Soda Springs site. A hydrogeological model has been defined

based on available geological, hydrogeological and geocheraical data.

Four hydrostratigraphic zones have been recognized: a shallow Sur-
^

ficial Deposit Zone some 10 to 40 fee t thick; an Upper Basalt Zone

composed of two basalt flows and up to two or three cinder or weathered

basalt interbeds totalling up to 100 feet in thickness; a Lower Basalt

Zone composed of up to three basalts and three or four interbedded

weathered basalt cinder zones totalling over 150 feet but decreasing

markedly in places and thinning towards bedrock outcrops; and the Salt

Lake Zone composed of stratified Tertiary sediments probably underlying

the whole site.

Groundwater in the Upper Basalt Zone flows towards the south or

southeast under hydraulic gradients between .006 and .05. It is con-

eluded that a major hinge fault and a subsidiary faul t and/or ground-

water discharge zone locally influences groundwater f low within this

zone. Geochemically the water in this zone is f resh except in the

southwest corner of the site where there is probably a mixing with soda

water emanating either from the underlying Lower Basalt Zone or from an

area west of the plant site. The Upper Basalt Zone is recharged by

precipitation and probably by underflow from the north and east of the

site and from the underlying Lower Basalt Zone.

Groundwater flow in the Lower Basalt Zone is considered to be pre-

dominantly to the south with localized southwesterly or south easterly

components under hydraulic gradients between .006 and 0.03. As with the

zone above, the faulting and the regional ground water discharge area

seems likely to influence the ground water flow pat tern although the

local effects cannot be precisely determined. Geochemically both fresh

and soda water exist in this zone; f resh in the east and sodic in

Its

\ i Colder Associates
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j;;l the west, possibly separated by the main fault. Recharge of fresh water

likely occurs by underf low from the north and nor theas t and f r o m

; downward leakage from the overlying Upper Basalt Zone in the central

part of the site. This downward leakage is probably caused by the

pumping of the plant production wells. Recharge of sodic water is

j likely from depth or from sources west of the site.

t
j Geochemical analysis of the groundwater from the two basalt zones

has shown apparent elevated concentrations of various ions which could

| ; originate from past or present plant operations; these include fluoride,

cadmium, selenium, chloride, sulphate and vanadium. QA/QC procedures

n carried out on the groundwater samples show that a high degree of con-
( : fidence exists in the results for fluoride, chloride and vanadium. The

,-. concentrations measured for sulphate are valid but not precise and the

j cadmium and selenium concentrations are not accurate at low concentra-

tions. The confidence levels in these results could change as more data
r
I becomes available. With the exception of sulfate and arsenic, the lab-

oratory has generally performed a good job in analysing the groundwater

samples.c
t
r

i
i

Plotting of concentrations of the various ions within the Upper

Basalt hydrostratigraphic zone show that plumes of specific ions are

migrating from identifiable sources in the north-west and north-central

areas of the site towards the s o u t h e a s t . These sources may be

identified as the northwest pond, the old underflow solids pond and the

old hydro-clarifier. For chloride, sulphate and vanadium a source also
S~^̂ ^̂ ^̂  ^̂ •̂•WWB«»̂ **

appears to exist east of the plant site but more data would be required

to confirm this apparent source.

When ion concentrations are plotted for the Lower Basalt Zone,

there is apparently only one source; the area of the old underf low

solids ponds as indicated by the fluoride and cadmium concentrations.

There is a downward component of hydraulic gradient in this area that

may be responsible for the presence of those ions in the Lower Basalt

im Colder Associates
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Zone. It is also possible that poor test well construction practices in

the past are also responsible for the presence of these ions in the

Lower Basalt Zone. Statistical methods carried out on the water quality

results largely.confirm the data plots described above for both zones.

Solute concentration ratios indicate that chloride, sulfate and

fluoride are migrating along the flow paths with similiar mobilities.

Cadmium and selenium are less mobile within the groundwater system.

Fluorite saturation indices indicate that the ground waters of the Upper

Basalt Zone are oversaturated with respect to fluorite Immediately down-

gradient of the old underflow rsoXldnsi pojads. northwest pond and old hydrp-

|c' clarif ier. The ground waters of the Lower Basalt Zone are oversaturated
1 ; with respect to fluorite at TW5. The percolating source effluents are

, , considered oversaturated with respect to fluorite leading to the preci-

j pitation of fluoride compounds within the vadose zone and in the aquifer

immediately downgradient of the source areas. These fluoride compounds

could be redissolved and remain in the groundwater system in the short

term (months to several years) even if the sources are removed.

i:
s

Cadmium carbonate is under saturated in all ground wa ter s . There is

p": however the possibility that the cadmium source eff luents from the old ^/ -

*'-•'' underflow solids pond and northwest pond are oversaturated with respect

§
to cadmium carbonate. Cadmium carbonate could be. precipitated in the

vadose zone or aquifer underlying these source areas. The potential

exists for this cadmium carbonate precipitate to be redissolved and

remain in the local groundwater system over the next several years.

The following conclusions may be drawn from the study:

o the hydrogeological model is complex but results from newly

installed test wells have identified three on-site sources of

various ions and one apparent off-site source.

Colder Associates
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o plumes of specific ions in the Upper Basalt Zone show south

south eastward movement from the identified on-site sources in

the overall direction of groundwater flow.

X

o the apparent plume in the Lower Basalt Zone could be due to

downward flow f rom the Upper Basalt Zone as a resu l t of

production well pumpage and/or due to faul ty construction of

J ! test well TW5.u

o confidence levels in the concentration of specific ions is

variable; high confidence exists for fluoride, chloride and

vanadium; poor confidence exists for cadmium and selenium at

very low concentrations; and poor confidence exists at all

concentrations for sulfate.

there is very poor confidence in the data available from the

test wells existing prior to this study.

unless there are changes in physical conditions, the identi-

fied sources will likely continue to impact the groundwater

system over the next few years.

the plant production wells may have increased groundwater ve-

locities in the central area of the plant site and prevented

or reduced further southward migration of specific ions.

the plant production wells may be responsible for the downward

vertical components of hydraulic gradient seen in the central

portion of the plant site.

based on the limited available data, the new underflow solids

ponds do not appear to be impacting the groundwater system.

Colder Associates
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e

o the future distribution and concentration of ions cannot be

accurately projected at this time due to the limited number of

sampling periods (2) in the new reliable test wells.

Colder Associates
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P 1.0 INTRODUCTION

1.1 General

This report contains the details, results and conclusions of a hy-

f ; drogeological study carried out at the Soda Springs facility of the Mon-

santo Industrial Chemical Company (Monsanto) located in southeastern

f Idaho (Figure 1.1). The overall objective of the study was to providei
*-• Monsanto with a definition of the hydrogeological environment at the

i -. Soda Springs facility for the purpose of assessing if past and/or

'-' current operations could impact surface/subsurface water quality.

IJ 1.2 Terms of Reference

iv,. In response to a "Request for Proposal" issued by Monsanto, dated

April 3rd, 1984, Colder Associates submitted a proposal, number P84-1038

\_,f dated April 19th, 1984, to assess the basic hydrogeology at the Soda

Springs plant. Subsequently, a revised proposal was submitted by Colder

|J; Associates dated May, 1984. Verbal authorization to proceed with a

limited component of the study was given to Colder Associates in early

i' >: June, 1984. Authorization to proceed with subsequent phases of the work

was given under contract number C-41-84, dated June 15th, 1984.

1.3 Scope of Work

The work carried out by Colder Associates to assess the hydrogeology

of the Soda Springs plant site consisted of the following:

o A literature survey to develop a geological, hydrogeological and

hydrogeochemical data base of the Soda Springs region, local area

and plant site proper. Data were collected from both published and

private sources.

Colder Associates
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f?jj o Preliminary field studies to expand the data base for the plant

site area an to obtain cost-effective data necessary to develop a

,' • conceptual model(s) of the hydrogeological environment. This infor-
*

mation was"used to plan the location and depth of further drilling

(~i and test well construction required to clarify the hydrogeology of

the plant site. The preliminary studies consisted of four subtasks:

r
j . • - geological and aerial reconnaissance of the plant site

and surrounding region,

y - pump testing of the existing test wells and plant produc-
tion wells,

n
j ; o Installation of new test wells at locations recommended following
t̂ J* - — - • -

(

the interpretation of the preliminary field studies data. As the
.•̂  i

tl data base was expanded and the conceptual hydrogeological raodel(s)
V-

was refined, additional drilling sites were located and test wells
P
j were installed to refine the conceptual model(s).

II

Additional field studies on the newly constructed test wells. This

work consisted of:

- geophysical logging of new test wells,

- pump testing and/or short duration airlift testing on
most of the new test wells,

- water quality sampling of all test wells, plant produc-
tion wells, the effluent stream, some off site wells and
springs adjacent to the plant site, and

- frequent water level measurements in all test wells.

Data analysis and interpretation to produce a conceptual hydrogeo-

logical model(s) and to assess the potential impact of the plant

site operational practices on the surface/subsurface water quality.

This work consisted of an assessment of all data assembled during

the study.

I Colder Associates
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f\ 2.0 SITE CONDITIONS
fel

2.1 Introduction

i

The purpose of this section of the report is to present the results

("• of the literature survey. The survey was conducted to develop a geolog-

*••' ical, hydrogeological and hydrochemical data base for the study area

f - prior to undertaking detailed investigations of the plant site proper.

' - • • Information presented in this section has been drawn from published and

f ; unpublished reports, including Monsanto in-house records. A complete

U bibliography is included in a separate data volume accompanying this

p report.

A visit was made to the Monsanto plant site in July 1984 to assemble

( and review available in-house records. These records consisted in part

of well logs, well water levels, pumping rates and hydrochemical data

^ from a number of existing test wells, TW2 to TW8, and plant production

wells, PW1 to PW3 (test well TW1 was damaged and thus abandoned soon

; after completion in 1975). Monsanto's internal records, reports, memo-

randa and previous pertinent consultants' reports were also reviewed

]...; during the visit.

M Published geological and hydrogeological data on the Soda Springs

region were gathered from a computer based reference search ("Georef")

H and from Idaho State University, the University of Idaho, Idaho Depart-

ment of Water Resources and the U.S. Geological Survey. In addition,

» black and white aerial photographs of the Soda Springs area (1:20,000

scale) were obtained for review from the ASCS-USDA Aerial Photography

!

•
Field Office in Salt Lake City, Utah. These photographs are included in

Volume 2.

I

I

The following subsections cover both the regional and local geology,

hydrogeology and hydrochemistry of the Soda Springs Monsanto plant site

area.

Colder Associates
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2.2 Geology

2.2.1 Geological Setting

The Monsanto plant at Soda Springs, Idaho, is located at the south-

ern end of the Blackfoot Lava Field in Southeastern Idaho, Figure 2. la.

The Blackfoot Lava Field occupies a generally north-northwest to south-

southeast trending basin bordered on the west by the Chesterfield Range

and the Soda Springs Hills, and to the east by the Aspen Range. The

average elevation of the basin f loor is a p p r o x i m a t e l y 6100 ft .

Elevations of the surrounding ranges vary from over 6800 ft to nearly

7400 ft. A few scattered topographic highs occur on the basin floor as

cinder cones, rhyolite domes, or up-faulted blocks. China Hat (a

rhyolite dome), located at the north end of the Blackfoot Lava Field, is

the most prominant topographic feature in the basin, with a summit

elevation of 7164 ft. Threemile Knoll, located immediately northeast of

the site appears to be an up-faulted block (horst structure). The knoll

has a summit elevation of 6475 ft.

2.2.2 Stratigraphy

2.2.2.1 Regional

The Blackfoot Lava Field (Figure 2. la) is a thick sequence of

basalts of probable mid-Pleistocene age. Well logs indicate the basalt

to be at least several hundred feet thick in the center of the Field,

but thinning at the edge of the Field where the basalt laps onto older

rocks (e.g. Threemile Knoll). Armstrong (1969) and Mabey and Oriel

(1970) indicate that the basalt may be locally as much as 1000 ft thick.

The basalt lies unconformably over the Salt Lake Formation of Ter-

tiary age (Armstrong, 1969). This formation is known to consist of

sandstones, conglomerates and limestones, all of which may be tuffa-

ceous.
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li'j The Salt Lake Formation in turn overlies rocks of Permian and Car-
N

boniferous age. These older rocks are exposed along the flanks of the

i Blackfoot Lava Field: limestones and sandstones of the Chesterfield
( Range Group to the west and the calcareous sandstones and limestones of

the Wells Formation to the east (Aspen Range). A generalized stratigra-

\ phic column for the Bear River Range of Southeastern Idaho is shown in

Table 2.1.

2.2.2.2 Local

Subsurface data from well drilling carried out prior to 1984 at the

Monsanto plant site indicates that the site is underlain by 3 to 18 ft

of clayey overburden. Beneath the overburden, possibly four distinct

basalt flows totalling nearly 240 ft are present. The basalt flows

appear to be separated by 2 to 10 ft thick cinder zones. Individual

basalt flows appear to range from nearly 100 ft thick to less than 10 ft

thick. Data from TW1 and TW2 indicate that the basalt thins towards the

northeast as it laps onto Threeraile Knoll. Test well TW2 encountered

224 ft of basalt and cinders overlying "a white and yellow formation",

inferred to represent the Salt Lake Formation. TW1 encountered 45 ft of

basalt and cinders overlying 255 ft of sandstone, shale and clay.

2.2.3 Structural Geology

2.2.3.1 Regional

The study area is situated in a transition zone between two distinct

structural geological provinces. To the east lies the over thrust belt

which is part of the Cordilleran Mountain system in Western Wyoming,

Southeastern Idaho and Northern Utah. The overthrust belt is character-

ized by folds overturned to the east and gently west dipping thrust

faults. The structural province to the west is the Basin and Range

Province, which extends to Eastern California and Oregon. The Basin and

Range Province is characterized by generally north striking, high angle

normal faults which have produced major horst ranges and graben valleys.
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TABLE 2.1

STRATICRAPHIC COLUMN FOR BEAR RIVER RANGE

AND SURROUNDING AREAS. SOUTHEASTERN IDAHO

(After Ralston et al.. 1983)

SYSTEM GROUP OR FORMATION THICKNESS
(m)

LITHOLOCY

Quaternary

Tertiary

Upper
Jurassic

Middle
Jurassic

Lower
Jurassic

Upper
Trlasslc

Lower
Trlasslc

Permian

Pennsyl-
vanlan

Misslsslp-
plan

Stream alluvium
Terrace gravels
Landslide debris
Alluvial fan deposits
Coluvlum
Dlamlctlte

Travertine

Gentile Valley Group
Gem Valley basalt

Basalt cinders

Main Canyon formation

Lake Bonnevllle Croup
Provo Formation

Pink silt

Bonnevllle and Alpine
Formations, undlffer-
enclated

Rhyollte domes

Sale Lake Formation

Wasatch Formation

Stump Formation

Pruess Formation

Stump/Pruess Formations
undi f fe ren t i a ted

Twin Creek Formation

Nugget Formation

Ankareh Formation

Thaynes Formation

Woodslde Formation

Dinvoody Formation

Phosphorla Formation

Wells Formation

Mission Canyon Forma-
tion

Lodgepole Formation

Unconsolldated, well to poorly sorted, gravel, sand, silt and clay.

0-100

0-1000(7)

0-20

0-30

7

0-30

0-3000(7)

0-450

50-100

0-200

200-500

100-500

90-200

250-300

100-400

100-600

70-100

300-900

300-800

200-400

Dark grey, vesicular, porphyrltlc, massive ollvlne basalt.

Loose scorlaceous red-weathering cinders.

Poorly consolidated silt and marl, grades Into sand and gravel.

Unconsolldated gravel and sand deposited along shoreline of Lake
Bonnevllle in the Provo stage.

Unconsolldated, thinly bedded silt and clay In deeper parts of Lake
Bonnevllle.

Poorly consolidated gravel and sand deposited along shoreline of
Lake Bonnevllle In the Alpine and Bonnevllle stages.

Tan weathering, partly devltrlfied glass, Quarternary and Tertiary.

Conglomerate, volcanic ash, mar l , calcareous clay and sandstone.

Red conglomerate and sandstone interbedded with tan limestone.

Grey-green silty limestone, calcareous sil tstone and sandstone.

Red shaley sandstone and siltstone.

Dark grey shaley limestone, oolitic limestone and siltstone.

Reddish-brown, well-sorted, f ine grained sandstone.

Red calcareous shale and siltstone.

Upper Member - grey limestone Interbedded with brownish-grey silt-
stone; Middle Member - brownish-grey siltstone and s l l ty l imestone;
Lower Member - black to grey shale and siltstone.

Reddish—brown siltstone and shale.

Upper Member - grey limestone interbedded w i t h olive-brown silt-
stone; Lower Member - olive-brown calcareous siltstone Interbedded
with grey limestone.

Rex Chert Member - black to white chert interbedded with black
cherty mudstone; Phosphatic Shale Member - dark-brown to black mud-
stone, limestone and oolitic phosphate rock.

Upper Member - light grey to reddish-brown sandstone interbedded
with light brown l imestone; Lower Member - grey limestone and
sllty limestone with Interbedded sandstone.

Light to dark grey cherty limestone and dolomite.

Dark grey limestone and dolomite.
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ffi 2.2.3.2 Local

(" The plant site is located within a structural depression known as

the Bear River-Valley graben. A series of north-northwest striking

f~\ normal faults (Armstrong, 1969; Oriel and Platt, 1980) extend from just
\ ili south of the Monsanto site to that portion of the Blackfoot Lava Field

0
located between Reservoir Mountains and Blackfoot Reservoir. These

normal faults exhibit both west-side-down and east-side-down relative

j-.( displacements. The westernmost fault within this zone apparently enters

Ij the Monsanto site near the northwest property corner and appears to exit

the property approximately 600 ft west of the southeast corner. The

Lj apparent fault is expressed on the surface as a southwest facing scarp

which extends from the southwest corner of Fivemile Meadow southeast-

\ wards to an area approximately 1/2 mile south of the site ( F i g u r e

2.la).

Armstrong (1969) indicates that the Monsanto site may be underlain
('"'
i . at depth by an extension of the Paris Thrust Fault. The fault apparently

does not displace the Pleistocene basalts, nor the underlying Salt Lake

; ''••• Formation.

|| 2.3 Hydrogeology

2.3.1 Hydrogeological Setting

The plant site is located within the Bear River drainage basin.

The northern boundary of this drainage basin is the Blackfoot reservoir,

located some 12 miles north of the plant site. Soda Creek drains the

basin and has its source in the area of Fivemile Meadow, some 3 miles

northwest of the Monsanto plant site. Soda Creek drains southwards close

to the western edge of the Blackfoot Lava Field, entering Soda Point

Reservoir west of the town of Soda Springs. Numerous springs exist on

both the eastern and western edge of the Blackfoot Lava Field. Some

springs are carbonated and have been termed "soda" by local inhabitants.
i
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!?! In general, the Pleistocene basalts occupying the valley floor are
;.•'. i

a .very productive aquifer (Dion, 1974), yielding large amounts of ground

water (500 to 3000 gpm). The underlying sandstone, conglomerate and

limestones of the Salt Lake Formation and the surrounding Permian and

Carboniferous rocks yield varying amounts of ground water (0 to 1500

gpm) but are highly unpredictable as a source for water supply.

2.3.2 Regional Ground Water Systems

'• \ Studies by Dion (1974), Hutsinpiller (1979), Ralston et al. (1983)

and Seitz et al. (1979) have inferred three dominant flow systems in the

f-? Soda Springs region. The three flow systems are:

(1) The Shallow Ground Water System moving locally through the
upper elevations of the basaltic lithologies,

; • (2) The Mead Thrust Aquifer System which discharges along the
eastern margins of the valley, and

; , (3) The Chesterfield Range Aquifer System which discharges along
the western portions of the valley.

Each flow system passes through unique stratigraphy and has differ-

f" ent contact time wi th the rock and, as a resul t , has unique hyd.ro-

t-» chemical characteristics.

U 2.3.2.1 Shallow Ground Water System

jj>; This system flows through the upper stratigraphic unit of the ba-

salts and surficial Quaternary alluvium. Ground water flow within the

fil basalts is considered to be principally between the individual lava

flows, where rubbly cinder zones or interflow sediments at the top of a

f flow were not filled completely by the succeeding flow. However, faul t

zones, vertical joints and fractures provide permeable pathways within

—, and between the individual basalt f lows. Ground water f low in the

|£ . alluvial deposits is limited, since the soils are predominantly silty

and often unsaturated.
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fTi The shallow ground water system Is recharged principally by inf 11-
L| {

'"•• tration of meteoric water and by leakage from the Blackfoot Reservoir.

Dion (1974) estimated that approximately 5000 gpm of reservoir water was

leaking into the underlying basalt aquifer and moving southward. Dis-

charge from this flow system is to Soda Creek, Soda Point Reservoir and
I

downvalley within the basalt sequence Itself towards the Bear River.

! The ground water within this flow system comes into contact with

surface soils and basaltic stratigraphic units. The water qual i ty is

{j characterized by low dissolved solids (generally <500 m g / 1 ) , low

^ PCO?> moderately oxidizing, calcium/magnesium ratios greater than 1.0 and

| generally elevated nitrate concentrations (>5 mg/1). The water is con-

sidered to be young due to the suspected local flow system and the low

i total dissolved solids.
t

2.3.2.2 The Mead Thrust Aquifer System

j This system is apparently recharged by precipitation over the moun-

tains to the east of the Monsanto plant site, which include the Aspen

j j Range, Schmid Ridge, Dry Ridge and Webster Range (Ralston et al., 1983).

Ground water flow is apparently westward along permeable sedimentary

beds with the Mead Thrust Fault possibly acting as a hydraulic conduit

for much of the flow. Discharge from the flow system is apparently along

| the eastern side of the Blackfoot Lava Field via deep, high-angle verti-
'**

cal extension faults. Numerous springs exist on the eastern margin of

j; the Lava Field and, apparently, mixing occurs with ground water of the

shallow ground water system.

Carbon 14 dating of spring water obtained from the eastern margin

of the Blackfoot Lava Field indicates that the ground water is approxi-

mately 10 to 20 thousand years old. The discharging ground water is

0
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0

calcium-bicarbonate type (high PcOo) water which results from the lime-

stone country rock and long contact times. Most of these springs are

saturated with respect to calcite. Fluoride ranges from 0.1 to 1.7

mg/1 and total dissolved solids range from 600 to 1700 mg/1. (Ralston

et al., 1983).

2.3.2.3 The Chesterfield Range Aquifer System

The recharge for this flow system is unknown, but it probably re-

ceives recharge from the Chesterfield Range to the west of the Monsanto

plant site. These mountains have a dominant limestone lithology, but

are not the same formations composing the mountains to the east of the

plant site. Ground water within this flow system probably flows east-

wards, discharging along the western side of the Blackfoot Lava Field

through deep, high-angle vertical extension faults, where it may mix

with ground water of the shallow ground water system.

Spring discharges along the western side of the Blackfoot Lava Field

are characterized by magnesium-bicarbonate type (high PCQ?) water with

dissolved solids contents around 900 to 1300 mg/1. These waters usually

contain elevated concentrations of iron (greater than 5 mg/1), have

fluoride concentrations of between 0.1 amd 0.4 mg/1, and are weakly

oxidizing in nature. Age dating of this water has not been done.

However, since the flow system is considered to be regional and the

total dissolved solids is relatively high, the water is likely old.

2.3.3 Local Ground Water Systems

Within the immediate plant site vicinity, information on the local

ground water flow systems is available from well drilling records, water

level monitoring data and from well and spring water quality analyses.

i Colder Associates
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The locations of the test wells, plant production wells and springs are

shown on Plate 1. Past well drilling records are questionable due to the

lack of hydrogeological supervision during drilling and well completion.

Water levels iri^the plant production wells are monitored once a month,

while water levels in the test wells were recorded only a few times

prior to this study. Detailed hydrochemical data from the existing test

wells, plant production wells, off site wells and springs are available

on a quarterly basis for the period of record, as shown on Table 2.2.

These chemical data suggest two distinct ground water flow systems and

appear to be equivalent to the shallow ground water system and the

Chesterfield Range aquifer system.

2.3.3.1 Shallow Ground Water System

Water quality analysis on samples collected from the following

sources appears to fall within the Shallow Ground Water System category

(e.g., low TDS, low PCO?> moderately oxidizing, calcium/magnesium ratios

] I greater than 1.0 and generally elevated nitrate concentrations): Wells

PW1, PW2, PW3, TW2, TW5, TW6, Nelson, Lewis, SWC and SWG, and Calf and
n
r ;; Mormon springs. Many of these sources show apparent elevated
t.»

concentrations of various ions: fluoride, cadmium, selenium, chloride

S:f and sulfate- The following examples (collected by Monsanto prior to

this study) show ion concentrat ions of water samples on August 2nd ,

jhj 1984: PW1 showed fluoride concentrations of 2.09 mg/1, cadmium of 0.17

mg/1 and selenium of 0.053 mg/1. Test wells TW5 and TW6 both showed

1| concentrations of fluoride in excess of 10 mg/1, cadmium greater than

0.2 mg/1, chromium greater than 0.1 mg/1 and selenium between 0.04 and

0.07 mg/1. In addition, high levels of chloride and sulfate, greater

than 300 mg/1 and greater than 700 mg/1, respectively, were recorded in

TW5 and TW6. One offsi te well, SWG showed high fluoride (5.3 mg/1) and

selenium (0.144 mg/1) concentrations. O f f s i t e well SWC showed a

v vanadium concentration of 0.4 mg/1. Water samples f rom both Calf and
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TABLE 2.2

PERIOD OF RECORD FOR

WATER QUALITY SAMPLING SITES

1

it „

LOCATION

TW2

TW3

TW4

TW5

TW6

TW7

TW8

PW1

PW2

PW3

Lewis

SWC

SWG

Nelson

Mormon Springs

Calf Springs

Dock Springs

Hooper Springs

SW Spring

LENGTH OF RECORD

November 1978 to present

November 1978 to present

November 1978 to present

November 1978 to present

November 1978 to present

March 1982 to present

March 1982 to present

January 1984 to present

January 1984 to present

November 1978 to present

November 1978 to present

September 1983 to present

July 1983 to present

November 1978 to present

June 1983 to present

September 1983 to present

September 1983 to present

December 1979 to present

September 1983 to present
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rtt

"A Mormon springs had fluoride concentrations of 7 to 9 mg/1 and minor

concentrations of selenium (0.1 mg/1).

In general", .ground water quality data are available from the exist-

ing test wells, plant production wells and springs on a quarterly basis

since 1979. Figures 2.2 to 2.6, inclusive, illustrate the trends in

ground water quality for PW3, TW5, TW6 and SWG with respect to time for

fluoride* cadmium, selenium, chloride and sulfate. It should be noted

that the quality control/quality assurance (QC/QA) of sampling and

analysis prior to this study, is questionable. In particular, there

--: have been laboratory problems accurately measuring cadmium and selenium
; concentrations just above the limits of detection (close to the drinking

water standards). Thus, the accuracy and precision of these values may

be suspect. Trends are only shown for PW3, TW5, TW6 and SWG, since

these wells show a significant trend and/or peaks in their water quality

data. Review of these data collected prior to the present study indi-

cate the following:

o Fluoride concentrations in TW5 and TW6 increased in the first
: quarter of 1982, from about 8 to 9 mg/1 to about 14 to 16 mg/1.
j Fluoride concentrations in these test wells then declined

through the end of 1983. Flouride concentrations in well SWG
F| and PW3 have remained relatively stable. See Figure 2.2.

& • . ' .
o Cadmium concentrations in test wells TW5 and TW6 have generally

£5 increased since 1979. The cadmium concentrations appear to have
|| stabilized during 1983 and 1984 at approximately 0.25 mg/1 in

TW5 and 0.6 mg/1 in TW6. Cadmium has not been detected in the

§ SWG well and has been recorded at about .01 mg/1 in product ion
well PW3. See Figure 2.3.

•a o Selenium concentrations in test wells TW5 and TW6 have flue tu-
ff ated between 0.01 mg/1 and 0.08 mg/1. Selenium concentrations

in well SWG increased in late 1983. In plant production well
B[J PW3, selenium concentrations have risen from the minimum detec-
fi . tion limit to 0.03 mg/1 in 1984. It should be noted that the

selenium concentrations in plant production well PW3 have since
& v declined and are reported (February/March 1985) at less than
I, the detection limit of 0.005 mg/1. See Figure 2.4.
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F1 o Chloride concentrations in test wells TW5 and TW6 rose from
|| about 300 mg/1 in 1979 to about 500 mg/1 in 1982-83, and sub-

sequently declined through 1984. Well SWG shows decreasing
F chloride concentrations. Chloride concentrations in plant
! production well PW3 have remained relatively constant at about
1 50 mg/1. See Figure 2.5.

n ° Sulfate concentrations in test wells TW5, TW6 and SWG have gen-
! erally declined for the period of record. Sulfate levels in

PW3 have remained relatively constant between 60 and 100 mg/1.
! • See Figure 2.6.

Of the wells installed prior to the present investigation, test

i j wells TW5 and TW6, located immediately west and south of an old under-

flow solids pond, show the greatest concentrations of fluoride, selen-

ium, cadmium, chloride and sulfate. These ponds are known to have

received slurries with elevated fluoride and trace metal concentrations.

The ponds are not currently used for disposal.

2.3.3.2 Chesterfield Range and Ground Water System

Water quality analysis on samples collected from test wells TW3,

: TW4, TW7, TW8 and from Dock, Southwest and Hooper Springs fall within

the Chesterfield Range Ground Water System category (e .g . , magnesium-

i ; bicarbonate type water, high TDS, weakly oxidizing and elevated con-
I j

centrations of iron). In general, these waters do not contain elevated

B concentrations of f luor ide , cadmium, selenium, chloride or su l fa t e .

Waters from southwest spring and TW7, however, showed selenium concen-

trations of 0.019 and 0.013 mg/1, respectively, in August, 1984. Note

H that the quality control /qual i ty assurance (QC/QA) of sampling and

analysis prior to this study, which includes the aforementioned values,

& is questionable. Thus, the accuracy and precision of these values may

be suspect.

l
Little change in ground water quality is observed in test wells

TW3, TW4, TW7 and TW8, and from Dock, Southwest and Hooper Springs since

the beginning of record in 1979. These data are presented in a separate

data volume.
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;j!j 3.0 FIELD PROGRAM

3.1 Introduction

The field program consisted of a series of tasks as indicated in

I the scope of work in Section 1.4. Preliminary field studies, consisting

of geological reconnaissance, well hydraulics testing and geophysical

! logging of existing test wells, were carried out to expand the data base

of the plant site area. These data were evaluated in order to plan the

j • number, location and depth of additional test wells required to clarify

*•-' the hydrogeology of the plant site. The additional test wells were then

r • installed, geophysically logged and sampled for water quality. Test

I well water levels were recorded throughout the program.

In the following subsections, the details of each individual field

( . program are presented. Section 4.0 contains the results of the field

i . program.

[••:

[' 3.2 Geological Reconnaissance

: A surficial geological reconnaissance of the Monsanto plant site

and surrounding region was conducted on July 26th, 27th and 28th, 1984.
Pfe| The reconnaissance was carried out to obtain a better understanding of
Iki

the local geological framework (structure and stratigraphy). The

ill following sites were visited as part of the reconnaissance:

p o The southeast side of Fivemile Meadow - where the mapped normal
fij fault (Armstrong, 1969; Oriel and Platt, 1980) that passes

through the plant site is exposed. The character of the basalt

8 (rock texture, rock composition, joint spacing, joint continu-
ity and joint width) and the character of the fault plane (re-
lative displacement, strike, dip and type of fault surface) was

B? investigated.

o The plant site area - to examine basalt exposures and the topo-
§:• v graphic expression of the mapped normal fault passing through
m .. the plant site property.

i•I Colder Associates
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o The south side of the Bear River east of the confluence of
Bailey Creek - to examine exposures of the Salt Lake Formation
and to see if the Paris Thrust Fault was exposed. The charac-
ter of the Salt Lake Formation rocks was examined.

X

Following the.surface reconnaissance, an aerial reconnaissance

flight was flown in a fixed wing aircraft from Soda Springs northwards

to the Blackfoot Reservoir on July 28th, 1984. The flight was flown in

the early morning hours with sun angles of between 15 to 25 degrees in

order to maximize the low sun angle illumination effect, and thus en-

hance the detection of vegetation lineaments, contrasts and scarps, POST

sibly indicative of fault and/or ground water effects. Features identi-

fied during this flight were then field checked and identified on geolo-

gical maps and aerial photographs.

3.3 Drilling and Test Well Completion

3.3.1 General

The drilling program was planned to identify the major water bear-

ing zones to a depth of approximately 250 ft beneath the plant site. It

was intended to drill the boreholes open hole at 8 inch nominal diameter

after setting nominal 8 inch diameter surface casing through the surfi-

cial soils. At each drill site, the first borehole was to be drilled to

the proposed maximum depth of 250 ft to identify the number of water

bearing zones for the purpose of determining the number of test wells

required at each location. The first borehole would be completed as a

test well in the deepest water bearing zone. Subsequent boreholes would

then be drilled to monitor shallower water bearing zones, if present.

It was anticipated that two to three test wells would be drilled at each

drill site, depending on the conditions encountered.

Four drilling companies were invited to submit bids for the drilling

and installation of test wells at the Soda Springs plant site. The dril-

ling contract was subsequently awarded in mid-July, 1984, to Andrew Well

Drilling of Idaho Falls, Idaho. Drilling equipment was mobilized to the

site and work started on August 17th, 1984.

Colder Associates



November, 1985 3-3 842-1543

Three phases of drilling were carried out:

o between August 17th and November 8th, 1984, test wells TW9 to
TW30, inclusive, were installed;

o between December 3rd and 19th, 198%, test wells TW31 to TW34,
inclusive, were installed; and

o between January 28th and February 18th, 1985, test wells TW35
to TW40, inclusive, were installed.

Table 3.1 presents a summary of all the test wells drilled and com-

pleted during the present investigation. The location of all test wells

is shown on Figure 3.1 and Plate 1.

3.3.2 Drilling

The boreholes were drilled with a Schramm T-64 rotary drilling rig.

All boreholes, except for test wells TW9, TWll and TW12, were drilled

using only air or air/water as the circulating fluid. Test wells TW9,

TWll and TW12 were drilled using air, air/water and drilling foam (a

biodegradable polymer) to lift the cuttings from the borehole. Where

large amounts of ground water were produced during drilling, an addi-

tional compressor was used to lift water and cuttings to the surface.

Test wells TW9, TW10, TWll and TW12 were drilled using a tricone roller

bit and a downhole hammer. A faster penetration rate was achieved with

the tricone roller bit and all later boreholes were drilled using this

type of drilling bit.

Drilling and test well completion was continuously supervised by

Colder Associates personnel. Soil and rock cuttings were obtained every

5 ft or change in lithology from each borehole and placed in plastic

bags for identification. A Model G-3 geolograph mounted on the drilling

rig recorded the rate of advancement of the boreholes. The instrument

was used for recording drilling progress for test wells TW13 to TW34,

Colder Associates



TABLE 3.2

TEST WELL GEOPHYSICAL LOGS

Test
Well
Number

TW2

TW3

TW4

TW5

TW6

TW7

TW8

TW9

TW10

TW11

TW12

TW13

TW14

TW15

TW16

TW17

TW18

TW19

TW20

TW21

TW22

TW23

TW24

TW25

TW26

TW27

TW28

TW29

TW30

TW31

TW32

TW33

TW34

TW35

TW36

TW37

TW38

TW39

TW40

COLDER

Natural
Gamma

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

ASSOCIATES' LOGGING

Resistivity SP

'

X X

X X

X X

X

X X

X

X

X X

X

X X

X

X

X

X X

X

X X

X

X

X

X

X

X

X

X

X

WASHINGTON STATE UNIVERSITY LOGGING

Natural
Gamma

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Gamma
Resistivity SP Gamma

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X X X

X

X X X

Neutron
Neutron Temperature Caliper

X

X X

X

X

X X

X

X

X

X

X

X

X

X

X

X

X

X J

X

X

X

X

X

X

X

X

X

X X

X

X X
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TABLE 3.3

SUMMARY OF BOREHOLE GEOPHYSICAL LOGS

Log Type Log Operation Purpose

Natural Gamma

Gamma-Gamma

Neutron-Neutron

Temperature

Single Point
Resistivity

Spontaneous
Potential

Caliper

Measures the amount of natural gamma
radiation emitted by the rocks/soil.

Records the intensity of gamma radia-
tion from a source in the probe after
it is backscattered and attenuated
within the borehole and surrounding
rock/soil.

Records the moderation of neutrons
emitted from a source after collision
with the borehole fluids, casing and
soil/rock mass.

Provides a continuous record of the
thermal gradient of the fluid in the
borehole.

Measures the apparent resistivity of
a volume of soil or rock surrounding
the tool. This log is only run in
the uncased portion of the borehole
below the water table.

Records the natural potential devel-
oped between the borehole fluid and
surrounding materials. The log is
only run in uncased boreholes below
the water table.

Records average borehole diameter in
open borehole.

Determination of lithology and
stratigraphic correlation.

/

Indication of relative bulk
density.

Indication of moisture content
above the water table and total
porosity below the water table.

Indication of whether zones are
contributing water or theiving
water from the borehole.

Indication of lithology.

Indication of bed thickness.

Indication of borehole rugosity,
lithology. Used to provide cor-
rection for effects of borehole
diameter on other logs.
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3.4.3 New Test Wells

Immediately following the drilling of the new test wells, the un-

cased boreholes" were geophysically logged by Colder Associates using

portable logging e q u i p m e n t . The logging was carr ied out us ing

Monsanto's Mineral Logging System 1500 logging unit. Natural gamma and

single point resistivity logs were run open hole in all boreholes except

for TW14, TW15 and TW22; the geophysical logging equipment was not

available when these tes t wells were comple t ed . In a d d i t i o n ,

spontaneous potential logs were run in a limited number of boreholes

n (Table 3.2).

LJ

,. Radiation logging (not available with the Monsanto equipment) was

v , accomplished by Washington State University (WSU) upon completion of the

test wells; for the most part logging open-hole by WSU was not accomp-

lished due to equipment availability/standby cost. Completed test wells

TW9 through TW29, inclusive, were subsequently logged using natural gam-

ma, gamma-gamma and neutron-neutron tools by WSU between November 4th

and 5th, 1984. TW28 was logged open hole for comparison with earlier

Colder Associates open hole logs and to assess the e f f ec t of borehole

rugosity (borehole roughness/diameter) on log response. TW6 was relog-
Pj.I ged by WSU for comparison with the geophysical logs run in August 1984.

TW32 was logged open hole by WSU in December, 1984.
ft' \

11
3.5 Well Hydraulics Testing

i'J 3.5.1 Generaly

If Well hydraulics testing at the Soda Springs site involved short term

pump testing of existing test wells, pump or airlift testing of new test

fl; wells (well development) and testing of the plant production wells. The

testing was carried out primarily for the purpose of determining aquifer

i?' , hydraulic parameters (transraissivity, storativity and hydraulic conduct-
6fe

• ivity) . The testing was also conducted to provide i n fo rma t ion on the

« Colder Associates



TABLE 3.4

SUMMARY OF WELL HYDRAULICS TESTING

n

TEST WELL
NUMBER

TW2

TW3

TW4

TW5

TW6

TW7

TW8

TW9

TW10
1 TW11

TW12

TW13

TWU

TW15

TW16

TW17

TW18

TW19

TW20

TW21

TW22

TW23

TW24

TW25

TW26

TW27

TW28

TW29

TW30

TW31

TW32

TW33

TW34

TW35

TW36

TW37

TW38

TW39

TW40

TYPE
OF TEST

NO T E

CD

SL

CD

CD

CD

SL

SL

CD

A

A

A

A

A

A

A

A

B

A

A

A

A

A

A

A

A

A

A

B

A

A

A

A

A

A

A

A

A

A

TEST
DURATION
(mins)

S T I N G

63

17

70

68

73

8

1.5

45

70

60

60

60

60

35

35

35

30

50

40

55

55

55

5

60

60

5

63

30

60

60

60

30

55

50

60

35

60

30

DISCHARGE
RATE
(gpm)

C A R R I

12.7-12.8

5.6

10.5

9.3

7.2

7.3

15

15

10 - 15

10 - 15

10 - 15

20 - 25

25 - 30

10 - 15

2 - 5

5-10

1 - 2

50

5 - 8

20 - 25

15 - 20

3 - 5

<1

10

1

30 - 50

0.5

1 - 2

0.5 - 1.0

2

10

<0.5

1 - 2

5 - 8

2 - 3

0.5

20 - 25

<0.5

TEST DATE

E D O U T

08/03/84

08/02/84

08/01/84

08/01/84

08/03/84

08/03/84

09/23/84

09/20/84

09/17/84

09/17/84

10/08/84

10/08/84

10/08/84

09/29/84

09/29/84

09/29/84

11/13/84

10/18/84

10/18/84

11/02/84

11/02/84

11/02/84

11/05/84

11/05/84

11/05/84

11/07/84

11/07/84

11/14/84

12/13/84

12/12/84

12/12/84

12/13/84

02/14/85

02/12/85

02/12/85

02/12/85

02/14/85

02/17/85

NOTE - Type of Test

A = Airlift Test CD = Constant Discharge

B = Bail Test SL = Slug Test

Colder Associates
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apparent hydraulic boundaries. Table 3.4 presents a summary of the well

hydraulic testing accomplished.

3.5.2 Existing- Test Wells

Well testing involved short term pump tests in the existing test

wells in order to assess the possible hydraulic interconnection of the

paired wells TW3 and TW4, TW5 and TW6, and TW7 and TW8. This information

was required to determine the reliability of existing test wells for

monitoring purposes. Testing was performed using the electric submer-

sible pumps already present in each well. The wells were pumped indivi-

dually for a period of about one hour, or until water level in the well

reached the pump intake. Cumulative discharge volume was measured by a

j •: totalizing flow meter installed on the discharge line. A 100 ft hose

was generally used to divert well discharge away from the test site.

[, Within the pumped well, depth-to-water measurements were made at regular

intervals before, during and after pumping, using an electric probe. In
nI | addition, Stevens Type F water level recorders, equipped with a Johnson-

Keck SD62B sensing device, were set up on the non-pumped paired test
f "
I j well within the well nest (except at TW7 while pumping TW8 due to the

low specific capacity of TW8) to determine if a vertical hydraulic

t jj response could be measured .

p 3.5.3 New Test Wells

j;i Well development by means of airlifting or bailing was accomplished

on each test well after its completion. The process of well development

f| . causes a perturbation of the water level in the aquifer. The hydraulic

response was monitored in most test wells and evaluated to give a quali-

G|j tative indication of hydraulic response/communication between the test

wells at a well nest site. For these development tests, a 1 inch dia-

ffc meter air line was set in the well to near the top of the screen and

Golder Associates
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I.''

water pumped out for about 1 hour by airlifting. Such pumping did not

allow for direct water level measurements in the well or the use of a

flow meter to measure cumulative discharge volume. Flow rates were

determined by visual estimation. In most development tests, Stevens

recorders were installed on adjacent test wells in a well nest in order

to measure any hydraulic response induced by pumping.

I Short term pump tests, were carried out on test wells TW9 and TW10

, • to determine the transmissivity of the screened zones and to monitor the

LI hydraulic response in adjacent test wells. The submersible pump from

.—. test well TW7 was used to pump test both wells. The pump was set to the

I ; bottom of the well (24 ft) in TW10 and to a depth of 40 ft below ground

surface in TW9. Test well TW9 was pumped for approximately 1.5 minutes

! at a rate of 15 gpm before the pump broke suction. The pump was turned

off and the well allowed to recover. TW10 was pumped for approximately

45 minutes at 15 gpm before the pump was turned off and the well allowed

to recover. The pump discharge was measured by recording the time re-

• quired to fill a two gallon pail. Depth to water measurements in the

pump well were made using an electric probe. Stevens Type F water level
r

i recorders monitored the response in test wells TW7 and TW8.

n:; A 24 hour airlift test was conducted in TW-20. The test was carried

out to understand better the hydrogeological system in the area of TW20

* ; where fluoride concentrations of 3 to 4 mg/1 were recorded during drill-

ing. Pumping was carried out using an air line set in the well to a

!| depth of 35 ft below ground surface. The flow rate was estimated as 60

gpm (based on visual examination) throughout the test. Steven's Type F

m water level recorders monitored the continuous hydraulic response in

test wells TW7, TW10, TW12, TW19 and TW34 (see Plate I for location of

|T test wells). Water level measurements in TW3, TW4, TW8, TW9, TW11 and

TW21 were also recorded during the test using an electric probe.

p ,. Samples of the pumped water were collected on a regular basis and

Colder Associates
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analyzed in the Monsanto laboratory for pH, temperature, specific con-

ductance and fluoride.

3.5.4 Testing of Plant Production Wells

The purpose of plant production well testing was to measure forma-

tion hydraulic properties resulting from a large scale perturbation to

the ground water flow system. Due to the continuous demand for water at

the site, it was impossible to fully shut down the plant production

wells. Testing was thus carried out by monitoring the hydraulic res-

ponse induced due to the intermittent pumping schedule.

Normal production well pumpage utilizes PW3 on a continuous basis

and PW2 on an intermittant basis, with PW1 idle. On July 31st > 1984,

water levels were measured in production wells PW1 and PW3 to monitor

the effect of the intermittent pumping of PW2. However, water levels

could not be recorded in PW2 due to the presence of oil in the well

which caused the probe to malfunction; a layer of oil is typically found

in wells where an oil lubricated turbine shaft pump is installed. At

the time of monitoring, PW3 pumped continuously at a rate of about 2000

gpm, PW2 pumped about 680 gpm for a period of approximately 6 minutes

followed by a 10 minute shutdown and PWl was idle. A totalizing flow

meter on PW2 measured the flow rate during each pumping period.

On November 30th, 1984, while PW2 was pumping intermittently, water

level monitoring was conducted at test wells TW25, TW26 and TW27 to

determine if a hydraulic response could be measured. Depth-to-water

measurements were taken with an electric probe at one minute intervals

for a period of 30 minutes at each test well.

• On December 19th, 1984, the plant production well pumping sequence
£i
r S was changed for approximately 6 hours in an at tempt to perturbate the
fa

nu

E

I Colder Associates
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aquifer in a unique, but controlled fashion. PWl was pumped intermit-

tently (instead of PW2) while PW3 pumped continuously. Af te r 6 hours ,

the pumping schedule was switched back to the original schedule. PWl

pumped at an estimated pumping rate of 900 gpm on a regular cycle of

approximately 4-1/2 minutes on followed by 13 minutes off during the 6

hour period. Steven's Type F recorders monitored water levels in test

wells TW24, TW26 and TW30 before, during and after the test.

3.6 Water Quality Sampling

3.6.1 General

Water quality sampling was undertaken during the drilling and deve-

lopment of the new test wells to determine the following: whether dif-

ferent hydrogeochemical zones were present during drilling; stable geo-

chemical conditions during test well development and to provide the

basis for interpreting the sources of, fate and transport of specific

ions within the local hydrogeological regime. These data/interpreta-

tions were considered preliminary and thus Quality Control/Quality

Assurance (QC/QA) was limited.

Subsequently, two phases of overall water quality sampling were

carried out on the completed test wells. A Quality Assurance/Quality

Control program was undertaken in conjunction with the two phases of

overall water quality sampling.

3.6.2 Sampling During the Drilling Program

Ground water samples were generally collected every 5 ft during the

drilling program to recognize if different hydrochemical zones were

present. The pH, conductivity, Eh and temperature of the ground water

were measured at the drill site immediately after obtaining the sample.

The field instrumentation used to analyze the sample were as follows:

Colder Associates
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YSI conductivity and temperature probe and SSI (Scientific Supply Inc.)

combination pH and Eh meter. These data are presented on the field

borehole logs in Volume 2. During December, January and February ground

water quality measurements were made less frequently due to the extreme-

ly cold temperatures (-20 to +10°F) . The extreme cold resulted in equi-

pment malfunction and aberrant readings.

Selected ground water samples were also submitted to the Monsanto

laboratory for fluoride analysis. The samples were collected in a steri-

lized and rinsed 500 ml plastic sample bottle and delivered to the lab-

oratory within 2 to 3 hours of collection.

Table 3.5 indicates the boreholes that were sampled and the depth

of the borehole at the time the water was sampled.

r
[ 3.6.3 Sampling During Well Development

r ~-

j Water samples were collected on a regular basis during test well

development to determine stable (not Affected by the drilling process)
t '
j. geochemical conditions. For most test wells, the water t empera tu re ,

conductivity, pH and Eh were measured immediately a f t e r obtaining the

sample using the field equipment discussed in the previous section.

Generally, four or f ive sets of measurements were taken during the

course of development. The parameters measured at each test well are

indicated on Table 3.5 and the data are included in Appendix 2.

Water samples collected towards the end of well development were

submitted to the Monsanto laboratory for fluoride analysis. Water sam-

ples from test wells TW9 to TW18, inclusive, were also submitted to

Northern Engineering and Testing's laboratory in Billings, Montana, for

analysis of additional constituents.

o

Golder Associates
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TABLE 3.5

SUMMARY OF WATER QUALITY SAMPLING

DURING DRILLING/TEST WELL DEVELOPMENT

TEST
WELL

NUMBER

TW9

TW10

TW11

TW12

TW13

TW14

TW15

SAMPLE
DATE

•-,

08/21/84
08/23/84
09/24/84

09/20/84

08/30/84

09/17/84

09/17/84

09/18/84
09/18/84
10/08/84

10/08/84

10/27/84

10/08/84

10/27/84

SAMPLE METHOD

Drill Return
Drill Return
Pump

Pump

Drill Return

Air

Air

Drill Return
Drill Return
Air

Air

Bailer

Air

Bailer

WELL
DEPTH
(ft)

88
210
253

27

87

137

99

22
45
96

21

21

59

59

LABORATORY

Monsanto
Monsanto
N.E.T.
GA
Monsanto

N.E.T.
GA
Monsanto

Monsanto
N.E.T.
GA
N.E.T.

GA
N.E.T.

Monsanto
Monsanto
GA
Monsanto
N.E.T.

GA
Monsanto
N.E.T.
GA
N.E.T.

GA
Monsanto
N.E.T.
GA
N.E.T.

PARAMETERS
ANALYZED

F, pH
F, pH
FS

T, C, pH, Eh
F

FS
T, C, pH, Eh

F

F
Dissolved Metals
T, C, pH, Eh

Dissolved Metals

T, C, pH, Eh
Dissolved Metals

F
F

T, C, pH, Eh
F
FS

T, C, pH, Eh
F
FS

T, C, pH
Dissolved Metals

T, C, pH, Eh
F
FS

T, C, pH
Dissolved Metals

Page 1 of 4
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TABLE 3.5 (Cont'd)

0
n

1 ;

TEST
WELL
NUMBER

TW16

TW17

TW18

TW19

TW20

TW21

TW22

TW23

TW24

SAMPLE
DATE

09/29/84
**

09/22/84

09/29/84

09/29/84

10/01/84

10/18/84

10/18/84

10/09/84
11/02/84

10/12/84
10/13/84
11/02/84

11/02/84

SAMPLE METHOD

Air

Drill Return

Air

Air

Drill Return

Air

Air

Drill Return
Air

Drill Return
Drill Return
Air

Air

WELL
DEPTH
(ft)

77

82

107

238

29

44

123

89
112

159
229
190

92

LABORATORY

GA
Monsanto
N.E.T.

Monsanto
N.E.T.
GA
Monsanto
N.E.T.

GA
Monsanto
N.E.T.

Monsanto
N.E.T.

GA
Monsanto

GA
Monsanto

Monsanto
GA
Monsanto

Monsanto
Monsanto
GA
Monsanto

GA
Monsanto

PARAMETERS
ANALYZED

T, C, PH
F
FS .

F
FS

T, C, pH
F
FS

T, C, pH
F
FS .

F
FS

T, C, pH, Eh
F

T, C, pH
F

F
T, C, pH

F

F
F

T, C, pH
F

T, C, pH
F

Page 2 of 4
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TABLE 3.5 (Cont'd)

fa
n

I;

TEST
WELL
NUMBER

TW25

TW26

TW27

TW28

TW29

TW30

TW31

TW32

TW33

TW34

SAMPLE
DATE

10/19/84
10/20/84
10/22/84
11/05/84

11/05/84

11/05/84

11/01/84
11/07/84

11/07/84

11/08/84

12/13/84

12/12/84

12/12/84

12/11/84

12/13/84

SAMPLE METHOD

Drill Return
Drill Return
Drill Return
Mr

Air

Air

Drill Return
Air

Air

Drill Return

Air

Air

Air

Drill Return

Air

WELL
DEPTH
(ft)

97
137
248
191

141

95

50
89

47

68

31

181

75

41,46
47,68
74
74

f

LABORATORY

Monsanto
Monsanto
Monsanto
GA

GA
. Monsanto

GA
Monsanto

Monsanto
GA
Monsanto

GA
Monsanto

Monsanto

GA
Monsanto

GA
Monsanto

GA
Monsanto

Monsanto

GA
Monsanto

PARAMETERS
ANALYZED

F
F
F

T, C, pH

T, C, pH, Eh
F

T, C, pH, Eh
F

F
T, C, pH, Eh

F

T, C, pH, Eh
F

F

T, C, pH, Eh
F

T, C, PH
F

T, C, PH
F

F

T, C, pH
F

Page 3 of 4
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TABLE 3.5 (Cont'd)

fl

y

TEST
WELL
NUMBER

TW35

TW36

TW37

TW38

TW39

TW40

SAMPLE
DATE

01/29/85
01/30/85
02/14/85

02/02/85
02/12/85

02/12/85

02/06/85
02/12/85

02/08/85
02/14/85

02/17/85

SAMPLE METHOD

Drill Return
Drill Return
Air

Drill Return
Air

Air

Drill Return
Air

Drill Return
Air

Air

WELL
DEPTH
(ft)

50,55
81,122
89

47,53
54

100

102
102

55
56

89

LABORATORY

Monsanto
Monsanto
GA
Monsanto

Monsanto
GA
Monsanto

GA
Monsanto

Monsanto
GA
Monsanto

Monsanto
GA
Monsanto

GA
Monsanto

PARAMETERS
ANALYZED

F
F

T, C, pH
F

F v
T, C, pH

F

T, C, PH
F

F.
T, C, PH

F

F
T, C, pH

F

T, C, pH
F

NOTES: GA

N.E.T.

Colder Associates

Northern Engineering and Testing

T = Temperature

C = Conductivity

F = Fluoride

FS = Full suite of analyses

Page 4 of 4

Colder Associates



I

n

November, 1985 3-23 842-1543

Water samples from test wells TW9 and TW10 (developed with the

available nearby submersible pump from TW7) were collected from the end

of a discharge hose in a two gallon plastic pail and transferred into

sterile, rinsed- plastic sample bottles. These were non-aerated samples.

Water samples from the other test wells (developed using compressed air

to expedite the well development process) were collected as the water

fell into a plastic pail hung at the well head. The sample was then

transferred into sterile rinsed sample bottles. Laboratory preparation

of the water samples is detailed in Section 3.6.5.

3.6.4 Primary Sampling Program

Ground water samples were obtained from all test wells, plant pro-

j duction wells, several offsite private wells, and springs, and the plant

effluent discharge. The purpose of the sampling was to obtain repre-

l" • •i sentative ground water and surface water samples to determine the water

quality upgradient, downgradient and within the Monsanto plant site

I boundaries. These data were used to assess the hydrogeochemical envi-

ronment and the impact of past or present operations on the surface/

; subsurface water quality.

1f Water quality sampling was carried out in two phases:

J? PHASE I - November 7th to 14th and December 14th to 18th, 1984. The
|| November sampling encompassed test wells TW2 to TW30, in-

clusive; plant production wells PW1, PW2 and PW3; o f f s i t e
!j??.J wells SWC, SWG, Lewis and Nelson; springs Cal f , Mormon,
jy Dock, Hooper and Southwest; and the effluent stream. Test

wells TW31 to TW34 were sampled in December, 1984.

B PHASE II - February 18th to March 2nd, 1985, encompassing test wells
TW2 to TW40, inclusive; plant production wells PW1, PW2 and

|£ PW3; offsite wells SWG and Lewis; springs Cal f , Mormon ,
II • Dock, Hooper and Southwest; and the e f f l u e n t s t ream. The

SWC well was not available at the time of sampling. The
P'1 , Nelson well was not sampled since the well was considered
tte . • to be too far removed from the study area.

I W" , ,
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The methodology adopted for sampling was to ensure that the water

samples collected represented the aquifer water and not the stagnant

water above the screen or the effects of cross-contamination introduced

by the drilling -method. To achieve this goal, between 3 to 5 well vol-

umes were evacuated from the test wells before sample collection. The

effluent stream and springs were sampled by immersing a sample bottle in

the flowing water.

Due to the differing conditions (i.e. well depth, height of stag-

nant water above well screen and presence/absence of a committed pump)

in the sampled wells, three different methods of well evacuation were„

I.j adopted as follows :

o For those wells without a pump and with greater than 10 ft of
stagnant water standing above the well screen, compressed air
was used to evacuate 3 to 5 well volumes of water. The com-
pressed air was introduced via a neoprene hose at least 10 ft

above the top of the well screen to prevent aeration of the

aquifer.

o For those test wells without a pump and with less than 10 ft
of stagnant water standing above the well screen, a teflon

bailer was used to evacuate 3 to 5 well volumes.

o For those wells with a committed pump (i.e. the plant produc-
tion wells, TW2 and offsite wells), the pump was turned on for
5 to 20 minutes to evacuate the well.

7

Following evacuation, those wells with committed pumps were sampled

by placing the sample bottle under the discharge tap. Those wells with-

out committed pumps were sampled in the well screen interval using a

point source teflon bailer. As the bailer was run down through the well

water column, both upper and lower check valves opened allowing water to

flow through the bailer. When the bailer reached the desired sampling

depth (well screen interval), the bailer was pulled from the well.

Hoisting on the bailer closed both upper and lower check valves ensuring
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(?! that the sample collected came from the well screen interval and was not

mixed with aerated water from above the well screen. The teflon bailer

; was rinsed twice with distilled water inside and outside before use in
i

each well. The lower part of the polypropylene cable attached to the

; bailer was also rinsed with distilled water before use in each well.

I '

; Two liters of water were collected from each sampling location.

'. The sample was placed in a sterile, two litre plastic container rinsed

, with a small amount of the sample water before filling.

.. Field blanks were prepared at various sites throughout the plant to

[ assess whether contamination was introduced during sampling. Contamina-

tion could be induced either by airborne particles or by using the tef-

{ Ion bailer for each of the wells. Four field blanks were prepared

during both the Phase I and II sampling. The field blanks were prepared

j by first rinsing the bailer twice with distilled water (normal field

procedure between the sampling of different wells). The bailer was then

• rinsed a third time with distilled water and this rinse water collected

in the sample bottle for analysis. Field blanks were given the desig-

t nation "A" following the sampling of a particular well. For example,

sample TW17A is a field blank taken after sampling test well TW17.

e
A series of sample duplicates and laboratory spikes were submitted

p during the second phase of sampling as a check on the reliability of the

laboratory analyses. Five test wells, TW17, TW19, TW29, TW31 and TW39,

I?: were selected for sample duplication and spiking. For these quality
tt'O

assurance samples, 6 liters of well water was collected in three 2 liter

HJ sample bottles for each well. The preparation of these samples is dis-

cussed in Section 3.6.5.
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Table 3.6 indicates the sampling method for each well, the springs

and the effluent stream, and the amount of water evacuated prior to

sampling.

3.6.5 Laboratory Procedures

Water samples collected during well development were delivered to

the Monsanto laboratory for fluoride analysis. The analyses were carried

out on unfiltered samples within a day of arriving at the laboratory.

These samples, although not preserved according to standard methods,

provided preliminary information used ;to assess the hydrogeological

environment and aid in additional drill site selection.

Water samples from test wells TW9 and TW10 were filtered through a

j 0.45 micron filter and preserved according to "Methods for Chemical

Analysis of Water and Wastes" (U.S. Environmental Protection Agency,

' unpublished 1982) and then shipped to Northern Engineering and Testing's
i .

laboratory. These samples were field prepared (filtered and preserved)

f." and analyzed as had been accomplished on nearby test wells TW7 and TW8

*•-- for comparison purposes. Water samples from test wells TW11 to TW18

were neither filtered nor preserved prior to shipping to the Northern

Engineering laboratory. These samples, although not accurate due to the

lack of field preparation, provided preliminary information used to

assess the hydrogeological environment and aid in additional drill site

selection. Results of these analyses are presented in Volume 3.

Water samples collected during the Phase I and Phase II sampling

periods were brought to Monsanto's laboratory within 1 to 3 hours of

collection. Water temperature, specific conductance, pH and Eh were im-

mediately measured in the laboratory on the raw, unfiltered water. All

water samples were then preserved and stored in accordance with Methods

for Chemical Analysis of Water and Wastes (U.S. Environmental Protection
-

. Agency, unpublished 1982).
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TABLE 3.6

WATER QOALITY SAMPLING DETAILS

ti
n

I
U

Test
Well
Number

TW2

TW3

TW4

TW5

TW6

TW7

TW8

TW9

TW10

TWll

TW12

TW13

TW14

TW15

TW16

TW17

TW18

TW19

TW20

TW21

TW22

TW23

TW24

TW25

TW26

TW27

TW28

TW29

TW30

TW31

TW32

TW33

TW34

TW35

TW36

TW37

TW38

TW39

TW40

PW1

PW2

PW3

SWG

SWC

Lewis

Nelson

PHASE I
Quantity of Water
Evacuated/Number
of Well Volumes

(Gallons)/( Volumes)

-

600 .. 3-3.5

240 3

30Q 3.5

150 . 3

110 4

90 2

450-500 3

31 4

300 6.5

120 5

200 4

25 3

100 3

35 3.5

100 3

300 3

18 3.5

25 3

300 4.5

120 4

350 4

70 4

115 2

120-130 4

16 3

160-170 5-5.5

25 3

21 3

20 3

325-375 3-3.5

100 3

100 3

Method
of Evacuation

Pump run 5 minutes

Air hose set to 150'

Alrhose set to 70*

Alrhose set to 95'

Alrhose set to 80'

Alrhose set to 40'

Alrhose set to 65'

Air hose set to 130'

Bailer

Alrhose set to 130'

Alrhose set to 80'

Alrhose set to 20'

Bailer

Alrhose set to 30'

Bailer

Alrhose set to 75'

Alrhose set to 90'

Bailer

Bailer

Alrhose set to 93'

Alrhose set to 85*

Alrhose set to 90'

Alrhose set to 80*

Airhose set to 170'

Alrhose set to 115'

Bailer

Alrhose set to 65'

Bailer

Bailer

Bailer

Alrhose set to 90'

Alrhose set to 40'

Alrhose set to 60'

_ UrtT noTT T VT\ — — — — -»

—f — .• — MAT TTOTT T ETI — — ~ — —

— — — — — . MrtT TW TTTITI^ — — —

— -f — .- — . tJf\T T\O TT T C" n ~_ —

-

-

-

. -

-

-

Tap run 5 minutes

Tap run 5 minutes

Tap run 5 minutes

Tap run 5 minutes

Tap run 5 minutes

Tap run 5 minutes

Tap run 5 minutes

PHASE II
Quantity of Water
Evacuated /Number
of Well Volumes

(Gallons) /(Volume)

-

500-600 3-3.5

240-250 3

300-325 3

150-170 3

85-100 3

135 3

650 4

31 4

150-170 3

70-80 3

200 4

25 3

100 3

20 2

100 3

300-310 3

26 5

26 3

200 3

120-140 4

350-400 4

70-80 4

110-120 2

100 3

13-14 3

100-110 3

25 3

22 3

20 3

300 3

100 3

100 3

120 3

60 3

70-90 3

36 3

60-70 3

14 3

-

-

-

NOT SAMPLED

-

NOT SAMPLED

Method
of Evacuation

Pump run 5 minutes

Alrhose set to 145*

Alrhose set to 70"

Alrhose set to 95'

Alrhose set to 80'

Alrhose set to 40*

Alrhose set to 65'

Alrhose set to 130'

Bailer

Alrhose set to 125'

Alrhose set to 80'

Alrhose set to 20'

Bailer

Alrhose set to 30'

Bailer

Alrhose set to 70'

Alrhose set to 90'

.' Bailer

Bailer

Alrhpse set to 93'

Alrhose set to 85'

Alrhose set to 90'

Airhose set to 80"

Alrhose set to 150'

Airhose set to 115"

Bailer

Alrhose set to 65"

Bailer

Bailer

Bailer

Alrhose set to 140'

Airhose set to 55'

Airhose set to 60'

Airhose set to 45'

Airhose set to 40'

Airhose set to 80'

Bailer

Alrhose set to 35'

Bailer

Tap run 20 minutes

Tap run 5 minutes

Tap run 5 minutes

Tap run 5 minutes

Tap run 5 minutes
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The water samples were vacuum filtered through a 0.45 micron

membrane. In some Instances, where the well water was turbid, the

sample was pre-flltered through a coarser (Number 4) filter before

filtering through a 0.45/̂  filter. Three aliquots were prepared from

each water sample. The sample bottles were rinsed with a small amount

of the sample before each bottle was filled. The three aliquots were:

o one 500 ml filtered sample with no preservatives for basic

water analysis ("raw" sample)

o one 500 ml filtered sample with 5 ml 1:1 nitric acid for dis-
solved metals analysis ("metals" sample) and

o one 250 ml filtered sample with 5 ml 1:1 sulphuric acid for

nutrients and ammonia analysis ("nutrients" sample).

During both sampling phases, two "reagent blank" quality assurance

samples were prepared. These samples were submitted to determine if the

acids and distilled water used in sample preparation and glassware clea-

ning in the Monsanto laboratory introduced contamination to the sample.

-These samples were designated Lab QA-1 and Lab QA-2 during both sampling

phases. Lab QA-1 consisted of three aliquots of unfiltered distilled

water prepared as above. Lab QA— 2 consisted of three aliquots of un-

filtered distilled water without preservatives.

During the Phase II sampling, five quality assurance well water

samples were collected to assess the analysis quality of Northern Engi-

neerings' laboratory. For each quality assurance sample, a 6 liter

sample was first filtered through a 0.45 .X*- filter and then thoroughly

mixed together in a large glass beaker. Three split samples were then

prepared from the mixed sample:

(1) a standard sample was prepared and given the "true" well number
designation. Three aliquots were submitted ("raw", "metals"
and "nutrients") with appropriate preservatives for analysis;
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(j

1,
i;

(2) a duplicate of sample (1) was submitted under a non-existant
well number unknown to the laboratory. The sample was pre-
pared in an identical manner as the standard. Duplicate sam-
ples were numbered as follows:

Sample
Well Number

TW17
TW19
TW29
TW31
TW39

Duplicate
Analysis Number

TW47
TW45
TW43
TW41
TW49

(3) a spike sample was prepared by adding a known amount of US EPA
certified spike of a particular group of substances to 900 ml
of the sample. The sample was then made up to 1000 ml with
the following fluoride and nitrate spike concentrations and
given a non-existant well number unknown to the laboratory:

Test
Well
Number

TW19
TW31
TW37

Spike
Analysis
Number

TW46
TW42

c TW50

Fluoride
(mg/1)

0.23
1.36
2.28

Nitrate-Nitrogen
(mg/1) .

0.08
1.67
9.10

Samples from test wells TW17 and TW29 were made up to 1000 ml
with the following trace metal spike concentrations:

Test Spike Concentration in mg/1
Well
No.

TW17
TW29

Analysis
Number

TW48
TW44

As

0.086
0.027

Ba

0.688
0.192

0.
0.

Cd

0092
0033

Cr

0.092
0.018

Pb

0.090
0.028

0
0

Hg

.0028

.0018

Se

0.0152
0.006

0.068
0.028

Chain of custody procedures were initiated in the Monsanto labora-

tory with all sampling data documented in a record book for future re-

ference. The data are presented in the data volume. Following sample

preparation, the bottles were stored in a cooler at about 4°C before

being shipped to Northern Engineering and Testing in Billings, Montana

for analysis.
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3.7 Water Level Monitoring

A water level monitoring program was initiated during the prelimin-

ary pump testing., program in August 1984. The monitoring program con-
a

tinued throughout the drilling and completion of new test wells, expand-

ing to include a total of 39 test wells by March, 1985. The purpose of

the monitoring program was:

o to monitor and assess long term (seasonal) and short term
J . (precipitation, barometric and earthtide induced) ground water
*--• level fluctuations beneath the site;

o to provide hydraulic head data throughout the site to assess
lateral and vertical ground water flow components and hydrau-

lic gradients;

o to monitor hydraulic responses due to the drilling and/or de-
velopment of new test wells and the pumping of plant produc-
tion wells; and

o to provide input to the conceptual ground water flow model for
the site.

Water level monitoring was carried out from August, 1984, through

February, 1985, except for the period between December 20th, 1984 and

January 28th, 1985 when no data were recorded. Water levels were

measured and recorded at least once a week (usually 2 to 3 times a week)

throughout the project. The length of record of each test well depends

on its date of completion. Nearly 8 months of records are available for

existing test wells TW2 to TW8, while only 0.5 to 2 months of data are

available for TW30 to TW40 completed towards the end of the study.

Water level measurements were made using a combination of Stevens

Type F recorders and hand measurements with electric water level probes.
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{3? Stevens Type F wate r level r eco rde r s , w i th a t t ached f l o a t s or
Til

Johnson-Keck sensing devices, were used to provide a continuous record
/: of water levels in selected wells during the program. Usually, once a

new monitor well ..was completed, the well was instrumented with a Stevens

("1 recorder to assess background water level f luctuations. Following

instrumentation for 1 to 2 weeks, the recorder was removed and discrete

r-' water level measurements taken 2 to 3 times a week using an electric
1 probe. A full description of the type of water level instrumentat ion

; -. used in each well during the program is given in the data volume.

d
r?
i
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TABLE 3.1

SUMMARY OF NEW TEST WELL DRILLING AND COMPLETION

i;
r

r
L.

lj

TEST WELL
NUMBER

TW9

TW10

TW11

TW12

TW13

TW14

TW15

TW16

TW17

TW18

TW19

TW20

TW21

TW22

TW23

TW24

TW25

TW26

TW27

TW28

TW29

TW30

TW31

TW32

TW33

TW34

TW35

TW36

TW37

TW38

TW39

TW40

DATE
DRILLING
STARTED

08/17/84

08/27/84

08/28/84

08/31/84

09/17/84

' 09/19/84

09/20/84

09/21/84

09/21/84

09/25/84

10/01/84

10/01/84

10/02/84

10/08/84

10/09/84

10/16/84

10/18/84

10/24/84

10/29/84

11/01/84

11/02/84

11/08/84

12/03/84

12/04/84

12/05/84

12/10/84

01/28/85

02/01/85

02/04/85

02/05/85

02/07/85

02/17/85

DEPTH
DRILLED BELOW
GROUND SURFACE

(ft)

253

27

142

102

98

24

60

82

115 '

250

29

48

130

112

231

92

250

142

98

89

47

69

42

190

75

74

128

54

102

102

57

89

DATE
COMPLETED

08/24/84

08/28/84

09/13/84

09/14/84

09/19/84

09/19/84

09/20/84

09/25/84

09/24/84

09/29/84

10/01/84

10/02/84

'10/08/84

10/16/84

10/11/84

10/18/84

11/03/84

10/27/84

10/30/84

11/06/84

11/02/84

11/08/84

12/03/84

12/13/84

12/10/84

12/13/84

02/13/85

02/02/85

02/13/85

02/07/85

02/13/85

02/17/85

COMPLETION
INTERVAL BELOW
GROUND SURFACE

(ft)

236 to 253

18 to 27

127 to 137

84 to 99

79 to 96

13 to 21

48 to 59

68 to 77

96 to 107

219 to 238

23 to 29

35 to 44

105 to 123

104 to 112

171 to 190

73 to 92

179 to 191

135 to 141

88 to 95

76 to 89

39 to 47

62 to 69

22 to 31

151 to 181

67 to 75

67 to 74

71 to 89

48 to 54

93 to 100

90 to 102

48 to 56

82 to 89
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TEST WELL LOCATION MAP Figure 3.1
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, • TW36 Test Well number and location.
'-NOTE
Test Wells TW 3.4.5.6,7,8 are existing wells completed prior to
present investigotion. PWI, PW2, PW3 ore Plant Production Wells.
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inclusive. Where ground water was produced during the drilling, water

temperature, pH, conductivity and Eh were measured at 5 ft intervals.

"History of hole" forms documenting the drilling and completion of each

borehole were prepared. These are presented in Volume 2.

It was anticipated that some drilling difficulties (loss of circu-

lation and/or borehole instability) could be encountered while drilling

open hole in a layered basalt environment using air/water as the circu-

lating fluid. Such difficulties were encountered early in the drilling

program and are briefly described below for test wells TW9 and TWll.

Test well TW9 was the first borehole drilled during the present in-

vestigation. After setting of nominal 8 inch surface casing through the

overburden, an unconsolidated, caving, water-bearing cinder zone was en-

countered between 24 to 27 ft below ground surface. The borehole could

not be maintained open beyond this depth. To stabilize the borehole and

continue drilling past this zone, the 8 inch casing was pulled from the

borehole and the borehole reamed at nominal 10 inch diameter to 31 ft,

and 8 inch casing set to 31 ft. The borehole was then drilled at nomi-

nal 8 inch diameter to 253 ft below ground level without encountering

further difficulties.

Test well TWll was initially drilled at nominal 8 inch diameter. An

unconsolidated, water-bearing, caving, cinder zone was found between 89

and 100 ft, where the return of rock cuttings and water were lost. An

attempt was made to grout the cinder zone by pumping a grout/bentonite

mixture with an accelerator (calcium chloride) into the zone. However,

the grout was "lost" into the cinder zone before setting. A second

attempt was made to seal the cinder zone using a thicker sand/ cement

grout with a similar lack of success. Subsequently, in order to advance

the borehole through the cinder zone and to ensure the return of cut-

tings and water to the surface, the borehole was reamed and completed

using the telescoping technique.

Colder Associates



0

c

November, 1985 3-7 842-1543

The subsequent drilling program was altered as a result of the

aforementioned difficulties. Subsequent boreholes were drilled at 8 inch

diameter to their required depth (if possible), or as deep as possible

before circulation of cuttings and water were lost. A well was then com-

pleted at the depth where circulation was lost. In some instances, lost

circulation problems or caving conditions resulted in the first borehole

of a well nest being drilled to less than the intended 250 ft depth.

Subsequent boreholes at such a location were drilled using the telescop-

ing technique. This involved drilling at nominal 10 inch diameter to the

bottom of the caving/lost circulation zone and setting nominal 8 inch

diameter casing through the problem zone. The boreholes were then con-

tinued at nominal 8 inch diameter to their required depths.

f "

i • 3.3.3 Test Well Completion

; - All boreholes were completed with flush joint threaded Schedule 40

nominal 4 inch diameter PVC pipe and well screen. Well screens were

Ll machine slotted with 0.02 inch (20 slot openings). The base of the well

screen was fitted with a threaded cap. All joints were sealed with tef-

[ _ Ion tape for a water-tight seal. Centralizers were attached to the PVC

pipe every 30 to 40 ft so that the pipe was centered in the borehole.

II|_H The well screen was usually set at the bottom of the borehole. In some

instances where no water-bearing zone was present within 10 to 20 ft of

I:)! the bottom of the hole, the lower part of the hole was sealed using a

grout/bentonite/flocele (a lost circulation material consisting of plas-

KJj tic chips) mixture, pumped via tremie pipe to within a few fee t of the

intended completion zone.

After the PVC screen and riser were set, the well screen was gravel

packed to between 2 to 3 ft above the top of the screen. A bentonite

pellet seal, at least 3 ft thick, was then placed above the gravel pack.
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|.:j The borehole annulus was then sealed back to ground level using a grout/
['--.;

bentonlte/flocele mixture pumped into the annulus using a tremie pipe.

Where the annulus did not fill up to ground level with grout, the annu-

lus was topped off with a sand/grout mixture added from the surface,

•: provided no water was present in the borehole. Where standing water was

present in the hole, the hole was grouted to surface using a grout/ben-

tonite/flocele mixture by means of a tremie pipe. All additions of

material (bentonite pellets, gravel, grout) were sounded and recorded in

field notebooks during well completion.

U ' ' •

Where possible, the 8 inch surface casing used to stabilize the

f borehole during drilling was withdrawn from the borehole during well
! completion. Where the 8 inch surface casing could not be pulled from the

' - borehole (test wells TW11, TW12, TW25 and TW26), the casing was either
i '( perforated or cut to allow the grout to fill the annulus between the

steel casing and the borehole wall.

i .
The PVC riser was cutoff between 2 to 3 ft above ground level and a

loose slip PVC cap installed. Protective 6 inch diameter steel casings
t. j

with the well number welded to the casing were set over the PVC risers

f " and cemented into place to secure the monitoring wells. The top of the
;; PVC was later surveyed in and an indelible mark left on the casing as a

e;p datum for water level measurements.

The test wells were developed using either compressed air, a bailer

or a submersible pump. Development was carried out until the discharge

was clear and water temperature, conductivity, pH and Eh values stabili-

zed. Water samples were collected at the end of development and analyzed

for fluoride (chosen as a tracer to aid in selecting the locations of

subsequent test wells) in the Monsanto laboratory (Section 3.6.3).

Selected samples were also sent to Northern Engineering and Testing In

Billings, Montana, for detailed analyses. These analyses are presented

in Volume 3. Water levels in the test wells adjacent to the test well

being developed were monitored during air-lifting or pumping to evaluate

well completion hydraulics and'where possible aquifer hydraulics.

Colder Associates
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3.4 Borehole Geophysical Logging

3.4.1 General

Borehole geophysical logging was carried out in the existing test
-̂

wells and in all of the new test wells completed during the present

study (Table 3.2). The purpose of the geophysical logging was to sub-

stantiate lithologic interpretations, to aid in stratigraphic correla-

tion and to identify possible aquifer zones.

A brief description of the various borehole geophysical logs run

during the study is given in Table 3.3. Studies of borehole geophysical

logging in basaltic environments (Crosby and Anderson, 1971) indicate

that the natural gamma log is the most useful log for determining litho-

stratigraphic correlation. Clayey interflow zones show high natural

gamma activity, whereas dense basalts are normally very low in radioac-

tivity. Electric logs (single point resistivity and spontaneous poten-

tial) do not have a "characteristic response" in basaltic environments.

Gamma-gamma and neutron-neutron logs, when corrected for borehole

I conditions, provide information on the relative density, and porosity or

moisture content, respectively, of rocks in a basaltic environment. A

Is fluid temperature log is useful in indicating zones of water influx to,

or efflux from, a borehole.

3.4.2 Existing Test Wells

I

I

Test wells (TW2 to TW8) were logged by Washington State Univers i ty

(WSU) between August 3rd and 4th, 1984. Logging was carried out under

the supervision of Colder Associates personnel. A f t e r the submersible

pumps had been pulled from the wells, each well was logged using natural

gamma, gamma-gamma and neutron—neutron tools. In addition, TW3 and TW6

were logged using a temperature tool.

Colder Associates
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4.0 RESULTS OF FIELD PROGRAM

4.1 Introduction

The field program provided a vast amount of new data to define

better the hydrogeology of the plant site. The raw data are available

in the daily field notes and reports found in the data volume and, where

appropriate, in summary tables found in Volume 2 and in the appendices

of this volume. The evaluation of these data for each subtask/investi-

gation is presented in this section of the report. Section 5.0 combines

the evaluations presented in this section to define the hydrogeological

environment beneath the Soda Springs plant site.

f 4.2 Geology
i
i. 4.2.1 Surface Reconnaissance

4.2.1.1 Stratigraphy

Most of the surface exposures of basalt in the vicinity of the plant

(_, site are mantled with loose debris and basalt boulders. As such, repre-

sentative in-place and intact outcrops of basalt are scarce. However,

several outcrops of intact basalt were examined in the Blackfoot Lava

Field further north in T6S, R42E and T8S, R41E. Generally, these basalts

are fine grained and vesicular with well developed joints. Vertical

joints are typically spaced 3 to 3.5 ft apart, with 1/2 to 1 inch wide

apertures. Horizontal joints are commonly spaced 9 to 12 inches apart,

with apertures of 1/2 to 1 inch wide, and are continuous for hundreds of

feet. Photographs of typical basalt exposures are included in Volume 2.

I Two exposures of the Salt Lake Formation were examined during the

field reconnaissance in the area south and west of Bear River in the

vicinity of Eightmile Creek. The first outcrop of Salt Lake Formation

Golder Associates



TABLE 4.2

TEST WELLS

UELL HEAD AND SCREENED INTERVAL ELEVATIONS

Test Well
Number

TW2

TW3

TWA

TW5

TW6

TW7

TW8

TW9

TW10

TW11

TW12

TW13

TW14

TW15

TW16

TW17

TW18

TW19

TW20

TW21

TW22

TW23

TW24

TW25

TW26

TW27

TW28

TW29

TW30

TW31

TW32

TW33

TW34

TW35

TW36

TW37

TW38

TW39

TW40

Elevation
Top of PVC

(ft)

5989.97

5881.76

-5881.89

5958:67

5958.90

5886.37

5885.72

5885.60

5886.44

5938.82

5940.13

5989.03

5989.16

5989.13

5999.30

5999.22

5997.77

5894.05

5894.26

5894.41

5955.64

5955.41

5955.39

5999.00

5998.08

5998.10

5990.31

5990.30

5993.38

5976.23

5976.59

5976.53

5894.12

5898.08

5907.66

5960.10

5973.89

5897.99

5990.87

Elevation Top of
Protective Casing

(ft)

**

**

**

**

**

**

**

5885.90

5886.69

5938.97

5940.33

5989.28

5989.36

5989.33

5999.55

5999.47

5997.97

5894.20

5894.46

5894.61

5955.89

5955.55

5955.59

**

**

**

5990.61

5990.60

5993.58

5976.48

5976.84

5976.78

5894.47

5898.30

5907.89

5960.23

5974.03

5898.22

5991.00

Ground
Elevation

(ft)

5989*

5880.26

5880.07

5956.97

5957.10

5884.46

5884.67

5883.85

5884.44

5936.62

5937.63

5986.43

5986.46

5986.48

5996.85

5996.42

5994.62

5891.20

5891.76

5891.46

5952.44

5952.35

5952.49

5995.80

5995.58

5995.50

5986.96

5987.70

5990.98

5973.88

5974.09

5974.03

5891.62

5895.03

5904.66

5957.10

5970.94

5894.99

5988.32

Screened
Interval
(ft)

5915 - 5729

5700 - 5630

5774 - 5754

5757 - 5736

5851 - 5831

5850 - 5824

5809 - 5789

5648 - 5631

5866 - 5857

5808 - 5800

5853 - 5837

5907 - 5888

5973 - 5962

5938 - 5926

5928 - 5920

5901 - 5881

5775 -'5756

5868 - 5862

5856 - 5847

5786 - 5768

5848 - 5840

5781 - 5762

5879 - 5860

5816 - 5804

5860 - 5853

5908 - 5902

5911 - 5898

5948 - 5940

5929 - 5922

5952 - 5944

5823 - 5796

5907 - 5899

5824 - 5817

5824 - 5806

5856 - 5850

5870 - 5857

5882 - 5869

5847 - 5839

5906 - 5899

*Estimated

**No Protective Casing

Colder Associates



November, 1985 4-2 842-1543

i

f;!| located in Sec. 4, T10S, R42E is characterized as a fairly well indurat-
r:'<

ed, interbedded conglomeratic sandstone. The gravel typically consists

: of well-rounded to sub-rounded clasts ranging from 1/4 to 6 inches in

diameter (predominantely 1/2 to 3/4 inches). Clasts are composed pri-

( < marily of quartzite and crystalline volcanic f ragments . The conglom-

erate is supported with a silty fine sand matrix. The exposure exhibits

f fairly horizontal crude bedding (beds 2 to 5 ft thick). Locally, there

^ are thin sil.ty fine sand beds (average 1/4 inch thick). A second expo-

0

o

sure of the Salt Lake Formation in Sec. 3, T10S, R42E appears to be a

well indurated, water lain tuff consisting of medium to fine sand size

ash particles. This exposure displays well developed thin beds between

1/4 to 1/2 inch thick. Photographs of these exposures are included in

Volume 2.

4.2.1.2 Structure

As discussed in Section 2.0, a pronounced southwest facing topogra-

phic scarp enters the site near the northwest corner and exits the site

(not as pronounced) just west of the southeast corner (see Figure 2.1).

The scarp strikes approximately N29°W and decreases in height from 40 ft

in the northwest plant site area to about 20 ft at the south end with a

slope angle of between 15 to 17 degrees. Most of the scarp within the

central portion of the property is obscured by slag piles and fill.

Data assembled during the literature survey and geological reconnais-

sance indicates this scarp to be the surface expression of a normal

fault crossing the plant site. However, no field evidence (i.e. slick-

ensides or clay gouge) of faulting was observed.

4.2.2 Aerial Reconnaissance

The aerial reconnaissance flight and a review of aerial photography

of the plant site vicinity shows the fault scarp passing through the

Colder Associates
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site to be a component of a fairly narrow width (2.5 to 3 mile) of north

trending, en-echelon normal fault scarps extending northward towards the

west side of the Blackfoot Reservoir. These normal fault scarps exhibit

both west and east side down relative displacement, commonly forming

narrow grabens 1000 to 1500 ft wide and up to 2.5 to 3 miles long.

Several of the grabens contain ponded water.

The fault scarp passing through the site extends south of the plant

site where it becomes obscured by urban development. To the northwest

of the plant site, the feature was traced continuously as far north as

r, the western edge of Fivemile Meadow. Aerial photographs and reconnais-

sance suggests that this feature may continue for an additional 2.5

miles to the north where it appears to die out on the west flank of a

basalt cone in Sec. 35, T7S, R41E.

{ Examination of the aerial photographs indicates a photo lineament

parallel to and approximately 1500 ft west of the fault scarp. This

{__„ photo lineament appears to enter the plant site just south of the coke

and quartzite pond. Within the plant site the lineament is lost beneath

I the waste water ponds. The lineament is not visible south of the plant

site. This photo lineament possibly represents the topographic
fS
r: expression of a subsidiary fault.

4.3 Drilling and Test Well Completions

4.3.1 Drill Cutting Analysis

Drilling proved the overburden materials to consist principally of

silty clay up to 20 ft thick. In places within the plant site, this

silty clay is mantled by a veneer of gravel fill or slag. The greatest

thickness of fill (24 to 27 ft) was identified in the barrel storage

area (TW25, TW26 and TW27). In the northeast plant site area, TW13

I Colder Associates
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encountered 42 ft of overburden soils varying in composition from silty

clay to sandy gravel. Sands and gravels within the overburden soils

were also observed in TW31 along the eastern margins of the plant site.

's.

Drill cuttings indicate that most of the basalt sequence is vesicu-

lar. These vesicles are occasionally infilled with zeolites. Although

the basalt is generally fresh, showing little evidence of weathering,

some thin (less than 15 ft thick), red stained, weathered basaltic zones

are present within the sequence. In some of these zones, the basalt is

nearly completely weathered, with only fragments of basalt remaining in

a silty sand and gravel sized matrix.

The basalt is interbedded with scoriaceous cinders, silty clay,

clayey silt or sands and gravels. These sedimentary interbeds vary in

^ , thickness from 23 ft (TW34) to less than 1 ft. The cinder zones are

t. composed of unconsolidated subangular gravel to cobble size particles,

ranging in diameter from less than 1/2 inch to greater than 6 inches.

[_. The particles are red/brown to grey and contain numerous vesicles (see

Volume 2, Geological Photographs). The vesicles are occasionally

^ infilled with zeolites. Clays and silty clays are occasionally present

in the cinder zones, but are more usually found as discrete strata. The

lr. " clays are generally red/ brown and sometimes grey.

I'll The sands and gravels seen in TW11 are principally composed of sub-

rounded limestone, basalt and sandstone fragments. The deposit appears
Ff.

to represent an infilled alluvial channel within the basalt.

The present drilling program encountered material of the Salt Lake

Formation only in TW13 due to the local thinning of the basalts as they

lap onto Threeraile Knoll. The material is a light brown, fairly well

indurated silty conglomerate.

Colder Associates
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J3j 4.3.2 Ground Water Production

I In the course of the drilling program, ground water was encountered

( in the overburden soils, in the interbedded basalt sequence and in the

,-, Salt Lake Formation. Air lifted water flows ranged from less than a few

( gallons per minute, where limited saturated thickness was penetrated, to

in excess of 200 to 300 gpm from some cinder zones.

)

The ove'rburden soils were predominantly dry, with the exception of

(f those in the northeast plant site corner (TW13, TW14 and TW15) and imme-
CJ

diately south of the hydroclarifier (TW40). Test well TW14 is screened

p in a sandy gravel aquifer between 11 and 21 ft below ground level. Dur-

' ing drilling, air lifted flows from this aquifer ranged between 5 and 10

, - &V*&. Test well TW40 encountered damp silty clay at a depth of 22 ft be-

j . low ground level, just above the basalt contact. However, the static

water level in test well TW40 is about 82 ft below ground level.

i
t. .

Within the basalt sequence, the most prolific water producing zones

I were the cinder or weathered zones no more than 50 ft below the water

table (with the exception of TW11). Air lifted flows were greatest (200

?: to 300 gpm), during the drilling of test wells TW20, TW21, TW34, TW35

^ and TW39 in a very permeable cinder zone, ranging in thickness from 5 to

E
23 ft. This cinder zone appears to thin westward and northward away

from TW34, where the maximum thickness was recorded (Plate 2).

|-4 Test well TW11 encountered a sandy gravel aquifer at a depth of 132

ft below ground level within the basalt sequence. The full thickness of

|ii the aquifer was not determined. The deposit is believed to represent an

alluvial channel fill deposit between basalt f lows. Ai r l i f t ed flows

|9 from this aquifer ranged from 50 to 70 gpm.

E
At depths greater than 100 ft below the water table, only minor

increases in air lifted water flows were recorded. Once a s ignif icant

Colder Associates
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amount of ground water had been intercepted by the borehole from a shal-

low depth, it was difficult to determine if ground water flows increased

as drilling proceeded.

The silty conglomerate, believed to represent the Salt Lake Forma-

tion, encountered in TW13 did not yield significant ground water flows.

4.3.3 Test Well Completions

O Thirty-one new test wells were installed during this investigation.

,-j A construction diagram and a generalized lithology for each new test

U well is presented in Appendix A. Further details concerning construc-

,, tion and detailed lithological logs are presented in Volume 2.

Difficulties experienced during completion of some of the new test

wells are summarized in Table 4.1.

.— ^
; : The results of the elevation survey and a calculated well screen

interval.for all the test wells are presented in Table 4.2.

L j
4.4 Borehole Geophysical Logging

|| 4.4.1 Washington State University Interpretation

|i| Analog copies of the WSU borehole geophysical logs are found in the

separate data volume. Evaluat ion and correlation of these data by

si? Dr. E. Poeter is also presented in the data volume.

I The radiation logs (gamma-gamma and neu t ron-neu t ron) , which were

run for the most in the completed test wells, were not considered useful

for quantitative evaluation and only marginally usefu l for qua l i ta t ive
<*.

evaluation of the borehole lithology. These radiation logs are Affected

Colder Associates



TABLE A.I

TEST WELL CONSTRUCTION PROBLEMS

TEST WELL
NUMBER

APPARENT ANOMALIES
CONSTRUCTION PROBLEMS Nov/84

Sampling
Feb/Mar,85
Sampling

TW13 After gravel packing the well screen and placing the bentonite
seal, the borehole caved to about 12 ft above the top of the
bentonite seal. The remaining open hole was grouted back to
the surface from this depth.

TW22 During grouting, 600 gals of grout (3 times the estimated bore-
hole volume) was required to seal the borehole annulus.

TW25 After gravel packing the well screen, 150 Ibs of bentonite
pellets were added to the borehole annulus (sufficient to make
a seal approximately 7 ft thick). Soundings indicated the seal
was only 3 ft thick. The borehole was then grouted back to the
surface from this depth.

TW32 During open hole geophysical logging, the borehole caved from
total depth (190 ft) to 166 ft. The well screen was set to 166
ft and gravel packed with 1 cu.yd of gravel (approximately 7
times the volume estimated to fill the borehole annulus between
2 to 3 ft above the top of the screen). 150 Ib of bentonite
pellets (sufficient to make a seal 7 ft thick in the borehole
annulus) were added. Soundings indicated the seal to be 1 ft
thick (151 to 150 ft). The following day, the borehole was
found blocked at a depth of 60 ft. The blockage, consisting of
bentonite pellets, could only be partially removed. Seven hun-
dred gallons of grout (four times the amount of grout required
to fill the remaining borehole annulus to the surface) was pum-
ped into the borehole from a depth of 60 ft. Soundings indi-
cated the level of grout was below 60 ft. In order to complete
the test well, the borehole annulus was filled up to a depth of
50 ft below ground surface with 1-1/2 yds of gravel. This is
equivalent to 1.5 times the borehole annulus between 50 and 150
ft. The borehole annulus was then grouted to the surface with-
out further difficulty.

f^nlrlr tr A wr\r*' -tin i-

None None

TW22 - None
TW24
- high PH (10.5)
- low Eh (-7 mV)

TW25
- pH 9.40
- Eh -1 mV

TW22 - None
TW24
- pH 11.2
- Eh -76 mV

TW25 - pH 9.9

TV 32
- pH 11.0
- Eh -85 mV
- Mg -1 mg/1

TW32 - pH 8.7
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by borehole rugosity and should be side-collimated or corrected for

changes in borehole size. However, caliper logs were only available for

TW28 and TW32.
s

The generalized borehole lithology and cross-hole correlations made

by Dr. Poeter, using primarily the natural gamma log, were an "eye-ball"

fit of similar curve shapes and spikes. Dr. Poeter's evaluations/corre-

lations did not consider other available data.

4.4.2 Colder Associates Interpretation

The Colder Associates evaluation/correlation was also primarily

f -. limited to the use of the natural gamma log for the reason described in

(.'• Section 4.4.1. Colder Associates' fit was also an "eye-ball" of similar

f . shapes and curves; however, Colder Associates' interpretation also made

i .: use of the drill penetration rate, the detailed dri l l-cutt ing descrip-
\

tions, water bearing zones and ground water chemistry. The resulting

( evaluation/correlation presented below d i f f e r s f rom that presented by

Dr. Poeter. It is felt that the Colder Associates in terpre ta t ion pre-

|^ sented below is more representat ive, due to the use of all available

data.

0 •
Stratigraphic correlations across the plant site have been made

Pf |i based on drill cuttings and on the natural gamma log signatures obtained

from Colder Associates' open hole geophysical logs. Logging shows a

| number of characteristic horizons that can be traced over much of the

southern and western plant site area. These horizons have been designat—

Is ed ft4, $3, (j2 and Q\ (in order of increasing depth) . The distinctive

signature of each horizon is given below, and shown on Figures 4.1 and

I]:; 4.2 where geophysical logs from test wells TW9 and TW21 are presented.

i
4 - is a break to the right on the natural gamma log from a zone

of relatively low activity to a zone of increasing ac t iv i ty .
Lithologically, this zone varies between weathered basal t ,
silty sand and gravel to cinders.

Golder Associates -^ ix



TYPICAL NATURAL GAMMA LOG -TW9 Figure 4.1
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TYPICAL NATURAL GAMMA LOG - TW21 Figure 4.2
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P O 3 - is a fairly thin zone of moderate to high natural gamma acti-
vity between 02 and $4. This signature is best seen in TW11,
TW21 and TW35, and correlates with a clay and cinder horizon

j identified from the drill cuttings.

Q 2 - is a thin zone of very high natural gamma activity. From the
I ; drillhole logs, this zone is clay, silty clay or silty sand.
i The zone is underlain by rocks showing generally much lower

natural gamma activity.

I () 1 - is a zone of increasing gamma activity in the form of two
rather abrupt increases. Lithologically, this zone appears to
be a weathered basalt. This signature was only observed in
test wells TW3, TW9 and TW23.y

c Natural gamma correlations are most reliable in the southern and

central portions of the site, particularly between test wells TW5, TW9,

TW11, TW21, TW23, TW25, TW32 and TW35. Stratigraphic horizons $ 2 and $4

are recognized in all of these test wells, while 03 is best observed in

test wells TWll, TW21, TW32 and TW35 (Plate 2). Corre la t ion between

test wells in the northwest plant site area (TW28 and TW18) and test

wells further south is poor. It appears that the $ 1, @2 and£ )3 horizons

are present in TW18, while only the 53 hor izon is present in TW28.

Correlatable features were not observed in TW13.

4.5 Well Hydraulics Testing

4.5.1 General

Data reduction and analyses used to evaluate the individual well

tests are discussed in detail in Volume 2. A summary of the calculated

aquifer parameters is presented in Table 4.3.

Tests run on the 4 inch test wells provide an order of magnitude

estimate of transmissivity within the immediate v ic in i ty of the test

well. These test results may be adversely affected by the type of well

completion and possible wellbore damage during well completion, leading

Colder Associates



TABLE 4.3

RESULTS OF WELL TESTING

TEST WELL
NUMBER

TW3

TW4

TW5

TW6

TW7

TW8

TW9

TW10

TW20/TW19

TW25

TW34

PW1/PW2

ANALYSIS
METHOD

Jacob
Jacob
Theis R.

Hvorslev

Jacob
Thels R.

Jacob
Theis R.

Jacob
Theis R.

Hvorslev

Hvorslev

Jacob
Theis R.

N.M.

Hvorslev

Hvorslev

Theis D.
Theis D.
Jacob
Jacob
Theis R.

TRANSMISSIVITY
(ft3/day/ft)

2,350
1,630
1,730

11.1

14.3
10.7

8,670
9,690

477
538

11.1

6.9

2,650
2,250

-

0.46

1.76

230,000
170,000
210,000
270,000
300,000

STORATIVITY
(Dimenslonless)

_

-

—

-
_

-

-
—

-
-

-

-

-
-

-

-

-

3.1 x 10-5
5.4 x 10~5

-
-
"

VERTICAL
HYDRAULIC
CONDUCTIVITY
(ft2/day/ft)

_

-

—

-

-
—

-
~

-
-

-

-

-
-

4.7 x 10~5*

-

-
_

-
-
-
"

DRAWDOWN
IN PUMPED
TEST WELL
(ft)

0.68

108

43.45

0.39

1.33

75

39

1.13

19.0 t

67.28

39.52

DRAWDOWN
IN PAIRED
TEST WELL
(ft)

0.53 (TW4)

0.08 (TW3)

0.01 (TW6)

0.02 (TW6)

0.07 (TW8)

TW7 Not
Measured

-

0.03 (TW7)

-

-

-

0
r-

f *

y

* Value for Basalt
t Estimated

NOTES: Jacob = Jacob Semi Log Analysis (Cooper and Jacob, 1946)
Theis R. - Theis Recovery Method (Theis, 1935)
Hvorslev = Modified Hvorslev (1951) Method
Theis D. = Theis Drawdown Type Curve Method (Theis, 1935)
N.M. .= Neuraan and Witherspoon Ratio Method (1972)
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Ep] to an underestimate in the transmissivity of the format ion mater ials .
I'H

Due to the localized nature of the tests, the results cannot be applied

directly to a large scale site conceptual model.

4.5.2 Existing Test Wells

[ Pump test data from test wells TW3, TW5, TW6 and TW7 were analyzed

' using the Jacob drawdown (Cooper and Jacob, 1946) and Theis (1935)

0 recovery methods . Slug test data from test wells TW4 and TW8 were

analyzed by a modified Hvorslev (1951) method. These methods enabled

D t h e transmissivity o f t h e screened zones t o b e calculated. Storat ivi ty

could not be calculated since no two test wells were completed in the

t. same zone at a particular well nest site. Transraissivity values f rom

i ^ the tes ts r a n g e over f o u r o r d e r s of m a g n i t u d e , 0 .5 to 9 2 0 0

ft 3 /day/f t (Table 4.3).

c During the tests, measurable drawdowns occurred in all cases where

water levels were monitored in the other test well in the well nest

(Table 4.3). However, only in the case of the TW3-TW4 well nest are the

data conclusive (recovery data verified the drawdown data). These two

test wells, although completed at different depths, are in direct hy-

draulic communication. The hydraulic response is suggestive of construc-

tion difficulties rather than a classical formation response. Hydraulic

communication (formation type response) between TW5 and TW6 is possible;

however, the data collected during the testing are not conclusive (ano-

malous water level recovery data - see Volume 2). No hydraulic com-

munication between TW7 and TW8 is suggested, however, the data collected

during the testing are not conclusive (anomalous water level recovery

data - see Volume 2).
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4.5.3 New Test Wells

Air lift tests carried out as part of well development gave a qual-

itative indication of hydraulic response/communication between the test

wells at a well nest site.

Drawdowns recorded in the non-developed test wells at a particular

site ranged .from 0.0 to 0.4 ft (Table 4 .4) . Test wells suggestive of

formation type hydraulic response (recovery data verified by drawdown

data) are as follows: TW13 and TW15; TW19 and TW20; TW22 and TW24; TW26

D and TW27; and TW31, TW32 and TW33. Additional data (water levels obtain-

ed during drilling of TW39) suggest a formation type response between

i •, TW20 and TW39. Hydraulic response suggesting construction d i f f icu l t i es

1.: was not observed in any of the new test wells. It should be noted that

,--. a lack of observed drawdown and/or recovery during this "testing" does

Li not necessarily mean that the wells are hydraulically isolated.

0

In most cases following development, the water level in the well

recovered to its equilibrium level immediately. The water level in test

wells TW25 and TW34 recovered slowly enough for recovery measurements to

be taken. These data were analyzed by the Hvorslev method and the re-

sults are presented in Table 4.3.

Data from the pump test carried out in TW9 were analyzed by a modi-

fied Hvorslev (1951) method. The pump test data from TW10 were analyzed

by the Jacob semilog method (Cooper and Jacob, 1946) and the Theis

(1935) recovery method. These methods provide an order of magni tude

estimate for the transmissivity of the screened zone. Storativity could

not be calculated from these well tests since no nearby wells were scre-

ened into the same zone. Analysis of the data from TW9 and TW10 indi-

cate transmissivities of 7 f t -Vday/ f t and 2450 f t -Vday/f t , respectively

(Table 4.3).
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TABLE A. 4

SUMMARY OF WELL DEVELOPMENT TESTING

fl!

r -

I,

Teat
Well
Number

TW9

TW10

TW11

TW12

TW13

TW14

TW15

TW16

TW17

TW18

TW19

TW20

TU21

TW22

TW23

TW24

TW25

TW26

TW27

TW28

TW29

TW30

TW31

TW32

TVJ33

TW34

TW35

TW36

TW37

TW38

TW39

TH40

Pumping
Rate / Method

<BP">>

15 / P

15 / P

10 - 15 / A

10 - 15 /SA

10 - 15 / A

20 - 25 / A

25 - 30 / A

10 - 15 / A

2 - 5 / A

5 - 10 / A

1-2 / B

50 / A •

5 - 8 / A

20 - 25 / A

15 - 20 / A

3 - 5 / A

10 / A

10 / A

1 / A

30 - 50 / A

0.5 / A

1-2 / B

0.5 - 1.0 / A

2 / A

10 / A

<0.5 / A

1 - 2 / A

5 - 8 / A

2 - 3 / A

0.5 / A

20 - 25 / A

<0.5 / A

Duration
of Test

(minutes)

1.5

45

70

60

60

60

60

35

35

35

30

50

40

55

55

55

<5

60

60

5

63

30

60

60

60

30

55

50

60

35

60

30

Drawdown In
Test Well

(ft) Number

-

0.03 TW7
0.00 TW8
0.00 TW9

0.00 TW12

0.00 TW11

0.00 TW14
0.07 TW15

0.00 TW13
0.00 TW15

0.15 TW13
0.00 TW14

0.03 TW17
TW18

0.00 TW16
TW18

0.00 TW16
0.00 TW17

TW20
TW21

0.04 TW19
0.00 TW21

TW19
0.00 TW20

0.00 TW23
0.24 TW24

0.00 TW22
0.00 TW24

>0.02 TW22
0.00 TW23

0.06 TW26
+O.02 TW27

TW25
0.07 TW27

TW25
TW26

0.03 TW29

0.00 TW28

-

0.02 TW32
0.05 TW33

0.00 TW31
0.40 TW33

0.17 TW31
TW32

0.00 TW19
0.00 TW20
0.00 TW21

0.00 TW39

-

0.03 TW6
0.00 TW5

- '

0.015 TW20
0.00 TW35

-

Comments

No observation wells monitored

1

Well recovering after development

Well recovering after development

Not monitored
Not monitored

Not monitored

Well recovering after development

Water level rose In TW27

Well recovering after development

Well recovering after development
Well recovering after development

Development stopped due to erosion around well

No other test wells at this location

Stevens recorder malfunctioning

No other test wells at this location

No other test wells at this location

No other test wells at this location

I

NOTES - Pumping Method
A - Airlift
B - Bailer
P - Suberrasible Pump
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During the pump test in TW20, water level measurements could not be

taken in test well TW20 due to the method of pumping (airlift). How-

ever, data from test well TW19 (an observation well for the TW20 pump

test) was analyzed by the Neuman and Witherspoon Ratio Method (1972).

This method provides an estimate of aquitard vertical hydraulic

conductivity due to the pumping of an overlying/underlying aquifer. A

value of vertical hydraulic conductivity for the basalt of 4.7 x 10~̂

ft2/day/ft is calculated by this method (Table 4.3). It is, however, im-

portant to point out that not all of the assumptions necessary to ana-

lyze the pump test data by this method were fulfilled. As a result, the

value is considered to be a lower bound value for the basalt in the im-

mediate vicinity of test well TW19.

Drawdown response to the pumping of TW20 was also observed in TW34.

This well is completed in a cinder and clay zone beneath the cinder zone

screened in TW20. Data from TW34 were not analyzed by the ratio method,

since it is considered that the well is screened in materials that may

comprise the lower part of the same aquifer, making the use of the Ratio

Method inappropriate. No other measurable drawdowns were recorded in

other test wells instrumented during the TW20 pump test . Calculations

(based on the Thels equation) indicate that test wells within a radius

of about 1000 ft of the pumped well and screened within the same zone as

the pumped well should have recorded a drawdown of approximately 5 ft

during the time frame of the test (24 hours). Test wells TW7 and TW12

were anticipated to have shown a water level decline (test wells TW36

and TW39 were not completed when the test was run). No measurable draw-

down was recorded in either TW7 or TW12. It therefore appears that

either hydraulic barriers or anisotropy exists within the system.
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4.5.4 Plant Production Wells

Data from the testing of the plant production wells were analyzed by

the Theis (1935). drawdown method, the Jacob (Cooper and Jacob, 1946)

method and the Theis (1935) recovery method. Full details of these ana-

lyses are presented in Volume 2. The Theis drawdown method and the

Jacob method were used to calculate formation transmissivity and stora-

tivity values. The Theis recovery method can only be used to calculate

transmissivity. The hydraulic parameters obtained using the above anal-

yses are more representative of bulk aquifer parameters than those pro-

vided by the short term pump tests.

,. 1 Data from the drilling program indicates that most of the ground

[j water produced from an open borehole is from cinder zones. These zones

consist of unconsolidated and very porous scoriaceous material. There-

• fore, when calculating the hydraulic conductivity of the principal water

bearing units from transmissivity values, the effective (cumulative)

thickness of the principal water bearing units penetrated by the well

should be used instead of the saturated flow system thickness.

Analysis of water level data from PW1 during the intermittent pump-

'\ ing of PW2 indicates a transmissivity for the water bearing sequence

ranging between 1.7 to 3.0 x 10^ ft3/day/ft and a storativity ranging

.') between 3.1 to 5.4 x 10~->. Assuming a flow system thickness of 150 ft
:J

the hydraulic conductivity and specific storage of the sequence range

jji between 1.1 and 2.0 x 103 ft2/day/ft and 2.1 to 3.6 x 10~7, respect-
ie

ively.

I
Figure 4.3 shows the relationship between transmissivity and hydrau-

B! lie conductivity for various assumed values of effective thickness.
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RELATIONSHIP BETWEEN TRANSMISSIVITY
AND HYDRAULIC CONDUCTIVITY FOR VARIOUS

VALUES OF EFFECTIVE THICKNESS
Figure 4.3
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Note • Select transmisivity value X axis, run vertical line
to intersect b><?d thiclcnesses. 5ele<cf appropriate
b>ed fh/ekness and fhen read hydraulic conductivity
from y axis in either imperial or metric unite.
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Transmissivity derived from the plant production well test, as well as

the range in transmissivity from the well tests, are shown on the graph.

The shaded area indicates conditions considered to be applicable to the

principal water-bearing units. The estimated hydraulic conductivity of

water bearing zone material ranges from 2.5 x 10^ to 2.5 x 10^* f t^/day/

ft. These values are considered relatively high for geological mater-

ials and would be similar to that of clean coarse sand to gravel.

{ j Water levels in test wells TW25, TW26 and TW27 did not show any re-

*-' sponse to the intermittent pumping of PW2. Based on the Theis equation

O and assuming transmissivity and storativity values of 2.4 x 10^ ftS/jay/

ft and 4.3 x 10~5, respectively, and assuming a radius of 990 ft from PW2

.. to test wells TW25, TW26 and TW27, a drawdown of approximately 0.17 ft

I..- would be anticipated at this location due to the pumping of PW2 : for 6

f., minutes at a rate of 680 gpm. Since no measurable drawdown was re-

t :, corded, this appears to indicate that the ground water system is either

anisotropic (a spatial change in aquifer parameters) or that a hydraulic

|j barrier exists between the plant wells and the test wells. However, the

lack of response could also be due to the steeply sloping water table

•j j preventing full propagation of the cone of depression.

JQ Water levels in test wells TW24, TW26 and TW30 did not show any

change in level when the plant product ion well pumping schedule was

|i: s switched over (PW3 pumping continuously, PW1 pumping intermittently and

PW2 idle) for six hours (see Section 3.5.4). This also appears to indi-

||j cate that either anisotropy or hydraulic barriers may exist within the

system. However, the lack of response could also be due to the steeply

n sloping water table immediately north and west of the plant wells pre-

venting the full propagation of the cone of depression in these direct-

I:! . ions.
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i

|:l 4.6 Hydrochemistry
r>

4.6.1 Drilling and Well Development Sampling

/
; x '

Water quality data collected during the drilling and well develop-

(] ment programs (water temperature, conductivity, pH, Eh and fluoride con-

centrations), are presented on the field borehole logs and field sheets

f"i in Volume 2. A summary of the test well development hydrocheraistry is
1 presented-on. Table 4.5. Full chemical analyses carried out by Northern

J.j Engineering and Testing on well development samples are presented in

U Volume 3.

n*-> In general, the pH and Eh of the ground water, recorded during dril-

e •• ling and well development, were significantly affected by aeration.

L- However, subtle changes in pH recorded during the drilling of some test

}^ wells were useful in indicating a different water chemistry/aquifer. For

» . example, during the drilling of test well TW9, the pH dropped from 7.8

r_, to 7.3 below a depth of 30 ft, indicating a different water chemistry/

(J aquifer below this depth.

I: Ground water conductivity measurements were also useful in indicat-

ing a different water chemistry/aquifer. For example, while drilling

y TW11 ground water from the first water bearing zone (a cinder zone)

showed a conductivity of approximately 1500/̂  mho/cm and a pH of 8.5.

Hi Subsequently, the boreole penetrated a sandy gravel aquifer and the

ground water conductivity and pH declined to 1000/C* mho /cm and 7.2,

Hi respectively.

If The ground water fluoride concentration was recorded using a fluo-

ride ion electrode on a regular basis during drilling/well development.

jjji These data provided preliminary information used to assess the hydro-

geological environment and aid in additional drill site selection. For

B; i; example, during the drilling of TW34, fluoride concentrations of approx-

imately 4 mg/1 were recorded as the borehole penetrated a weathered

Colder Associates



TABLE 4.5

WELL DEVELOPMENT HYDROCHEMISTRY

TEST WELL
NUMBER

TW9

TW10

TW11

TW12

TW13

TW14

TW15

TW16

TWL7

TW18

TW19

TW20

TW21

TW22

TW23

TW24

TW25

TW26

TW27

TW28

TW29

TW30

TW31

TW32

TW33

TW34

TW35

TW36

TW37

TW38

TW39

TW40

METHOD OF
DEVELOPMENT

Pump

Pump

Air

Air

Air

Air

Air -

Air

Air

Air

Bailer

Air

Air

Air

Air

Air

Air

Air

Air

Air

Air

Bailer

Air

Air

Air

Air

Air

Air

Air

Air

Air

Air

TEMPERATURE

8.5

14

11

9.5

9

10

11.5

9 .

8

7

5

6

8.5

6

6

9.5

8

7

8

5.0

2.0*

4.0*

6.0

6.0

7.5

8.0

8.5

3.5*

6.0

5.5

PH

6.2

6.6

8.0

7.7

7.8

7.7

7.8

7.9

8.4

7.9

Eh
(mV)

+ 30

+170

+141

+141

+208

+220

+242

-

-

-

CONDUCTIVITY
C/^ mho/cm)

1300

1050

1100

1450

600

600

600

1150

1350

1100

NO MEASUREMENTS TAKEN

7.5

7.5

7.6

7.5

8.6

6.5

7.5

7.7

6.7

7.5

+323

-

•

-

-

•

+ 76

+ 72

+219

+178

750

1100

1800 '_

1150

1400

1350

1300

1200

900

775

NO MEASUREMENTS TAKEN

8.8

10.8

7.7

8.5

7.5

6.9

7.1

7.3

7.7

7.1

-

-

+101

-

-

-

-

-

-

—

375

2525

525

600

1300

1000

1650

550

1010

3275

Fluoridet
(mg/1)

0.27

1.5

-

-

0.25

0.35

0.26

7.4

7.9

0.34

2.15

0.31

6.4

1.3

9.3

-

0.81

5.4

0.35

0.48

0.48

0.30

0.275

1.35**

0.33

11.2

21.5

0.62

9.7

11.0

t Monsanto Laboratory

* Measurements affected by air temperature.

**After 3 well volumes evacuated, probably
reflects mixing of water during drilling.
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basalt and cinder zone between 39 and 66 ft below ground surface. Test

well TW20, located nearby In the same well nest and screened in the same

cinder zone, showed a fluoride concentration of 1.1 mg/1 under static

conditions and"2..15 mg/1 during well development. As a result of these

findings, TW20 was subsequently pump tested (see Section 4.5.3). The

water quality of the discharge water is shown on Table 4.6. Based on

the results of the pump test and water chemistry, it appeared that

pumping induced fluoride enriched ground water to flow toward the pump

.test site. In order to locate the area of high fluoride water, test

wells TW35, TW36 and TW39 were subsequently drilled.

n
[ j 4.6.2 Primary Sampling Program

r
[^ Chemical analyses of the ground water samples are presented in Ap-

pendix B, Tables B.I and B.2, for the first and second sampling periods,

£ . respectively.

» ~r.

i : The parameters of concern at the Monsanto site as stated in Section

1.3 are fluoride, cadmium, selenium, sulfate, chloride and vanadium.
f £
}; Tables 4.7 and 4.8 summarize the concentration of these targeted para-
*.•>

meters in those test wells where the concentrations of at least one ion

f:>! exceed drinking water standards. Fluoride, selenium and cadmium have

been listed by the U.S. Environmental Protection Agency (EPA) as Primary

|p Drinking Water parameters. The Drinking Water Standards are as follows

for each parameter:

1

I

o Fluoride = 2.4 mg/1

o Cadmium = 0.010 mg/1

o Selenium = 0.01 mg/1

Colder Associates



TABLE 4.6

DISCHARGE WATER FROM TW20

i:
5"*ii

DATE - TIME
(1984)

12/15 - 1337

12/15 - 1356

12/15 - 1500

12/15 - 1650

12/15 - 2215

12/16 - 0340

12/16 - 0840

12/16 - 1210

ELAPSED
-TIME
(mins)

2

21

85

195

520

845

1145

1355

TEMPERATURE
(°C)

14.0

14.0

9.0

6.5

6.0

8.0

8.5

14.0

SPECIFIC
CONDUCTANCE
(x̂ mho/cm)

700

600

700

700

425(?)

800

650

675

PH

-

-

6.82

6.93

6.81

7.12

7.20

-

FLUORIDE
(mg/1)

2.95

3.0

3.20

3.15

3.15

2.90

3.10

3.10

Note: Temperature, specific conductance and pH measured by Colder
Associates.

Fluoride measured by -Monsanto laboratory.
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In general, there were few significant changes from the fall to

winter sampling period. Changes that did occur show a slight increase in

fluoride, cadmium and selenium. Two noteworthy changes were witnessed

in TW6 and TW24" for cadmium. In both cases, the cadmium concentration

decreased. It is possible that sampling procedures could have affected

the water quality. However, it is likely that the increase in pH value

for TW24 (considered to be caused by leakage of the grout liquor) could

be an explanation; the increase in pH would cause precipitation of the

oversaturated cadmium.

4.6.3 Quality Control (QC)/Quality Assurance (QA)

,., Northern Engineering and Testing's laboratory conducted internal QC

[, on the received water samples, which included replicate analysis on a

,... minimum of 10 per cent of the received samples for precision and spiking

[ , and analyzing aliquots from a minimum of 10 per cent of the samples for

fc)

0

0
t!

I

accuracy. Internal QC in the laboratory also involved routine calibra-

tion on standardized solutions of analyzed parameters. During each of

the primary sampling phases (November to December, 1984, and February to

March, 1985) the QC program included six blank samples that were sent to

the laboratory for evaluating representativeness. During the second sam-

pling period QC data were increased by splitting five samples and spik-

ing several aliquots of samples with either trace metals or fluoride and

nitrate. The laboratory was unaware of these "field" splits and spikes.

Precision, accuracy, completeness and representativeness were evalu-

ated from the QC data generated by both sampling phases. Table 4.9 pre-

sents the summarized results of the November and December, 1984, samp-

ling period, which includes laboratory replicate analyses and spiked

aliquot analyses. Table 4.10 presents the same, except for the February

and March, 1985, sampling period. Table 4.11 summarizes the results of

field splits and spiked aliquot.analyses.
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TABLE 4.9

SUMMARY OF QUALITY CONTROL RESULTS

ON LABORATORY REPLICATE AND SPIKED SAMPLES

FOR NOVEMBER/DECEMBER, 1984. SAMPLING

(mg/1)

Total Dissolved
Solids

Calcium

Magnesium

Sodium

Potassium

Total Alkalinity

Chloride

. Fluoride

Nitrate & Nitrite

Sulfate

Arsenic

Cadmium

Chromium

Iron

Lead

Manganese

Selenium

Silver

Vanadium

Zinc

No.
of
Sam-
ples

6

17

16

16

5

5

6

6

6

13

1
*

1

3

3

2

1

2

2

6

PRECISION
(Mean CV)

0.054

0.036

0.036

0.114

0

0.010

0.026

0.019

0.008

0.151

0.106

*

0.129

0.133

0.203

0.099

0

0.283

0.220

0.100

No.
of

Sam-
ples

6

17

16

16

5

5

6

6

13

7

3

6

6

6

6

6

6

6

5

9

COMPLETENESS
FOR

PRECISION

(%)

83

88

94

88

100

80

100

100

100

69

100

100

100

100

100

100

100'
100

100

89

No.
of
Sam-
ples

5

5

5

3

3

5

4

4

3

4

4

3

3

2

3

4

4

4

6

ACCURACY
(Mean

Recovery %)

93

99

95

101

108

98

98

96

92

84

86

87

101

98

97

105

105

97

86

No.
of
Sam-
ples

5

5

5

3

3

5

4

4

3

4

4

3

3

2

3

4

4

4

6

COMPLETENESS
FOR ACCURACY

(%)

100

100

100

100

100

100

100

100

100

50

75

100

100

100

100

100

50

75

83

*Results were below detection, therefore CV's cannot be calculated.
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4.6.3.1 Precision and Accuracy

Intra-laboratory precision is determined from the replicate analyses

performed. Precision is expressed as the coefficient of variation (CV).

A record of the precision of most analyses is kept by calculating and

recording the coefficient of variation of the pairs or triplicates for

each parameter.

Acceptable CV values for inorganic anlayses (metals and ions) are

dependent on the concentration range of the parameter within the parti-

cular replicate analysis; Below is the minimum acceptable CV value for

inorganic parameters to Colder Associates for the Monsanto site, based

on previous experience.

Concentration Level Acceptable CV

Detection limit to 10
times detection limit 0.35

10 times detection limit to

100 times detection limit 0.14

Greater than 100 times

detection limit 0.07

Accuracy is estimated from the analysis of standard reference solu-

j' tions (SRS) and spiked aliquots of actual samples. Accuracy is expres-

sed as a per cent recovery for each parameter.

c
Acceptable recoveries for inorganic analyses are dependent on the

HI concentration range of the parameter and also on the precision of fabri-

cating the standard reference solutions (SRS) and spiked al iquots of

|P samples. Below are the minimum acceptable recoveries for inorganic par-
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ameters to Colder Associates (based on previous e x p e r i e n c e ) by

concentration range (assuming SRS were precisely made and added to

aliquots of samples): ^

Acceptable
Concentration Level Recovery (%)

Detection limit to 10
times detection limit 40 to 160

10 times detection limit to
100 times detection limit 60 to 140

Greater than 100 times
detection limit 80 to 120

r •:
A word of caution is warranted on evaluating the adequacy of chemi-

cal analyses based on Mean CV's and Mean Recovery (%). Acceptable CV's

and Recovery are dependent on the level of concentration of each para-

meter, either in the sample or spike. Mean CV's and Recovery are more

easily evaluated if the number (n) of replicate (split) and spiked sam-

ples are statistically significant. Some of the parameters had n values

as small as four, which represented only 10 per cent of the total number

of wells sampled. To overcome this shor^ coming, each CV and Recovery

was evaluated separately and are summarized by Completeness (%).

4.6.3.2 Completeness

Completeness represents the percentage of individual QC results that

are acceptable. Completeness is a summary of all the QC evaluations for

an appropriately large number of CV's for precision, and Recoveries for

accuracy. Completeness is determined as a percentage of acceptable data

to the total amount of data. The assumption is made that if 10 per cent
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r;;j of the samples have QC data, the QC will adequately represent the

uncontrolled sample data.

Based on previous experience, Colder Associates considers 90 per

cent for Completeness (%) adequate for laboratories. Completeness eva-

i luations indicated two problems with laboratory analyses of the water

quality samples. The precision of the sulfate analyses is not accept-
j
j able and the accuracy of the arsenic analyses is also not acceptable.
i

The Completeness (%) for sulfate CV is 69 and 62 per cent for the fall

:;; and winter sampling periods, respectively. The corresponding values for
• • i

Completeness (%) on arsenic recovery is 50 and 56 per cent, respect-

•""; ively. In summary, sulfate analyses can be considered to be valid, but

' not very exact, while arsenic analyses may not be valid at low concen-

, trations.
i

Other Completeness values that are below 90 per cent (Tables 4.9

• and 4.10) are suspect, but cannot be considered unacceptable since most

represent only one CV or Recovery beyond limits. The generally poor

• Completeness for field spiked samples and particularly poor accuracy for

selenium and cadmium analyses at levels near the detection limits (Table

• 4.11) may reflect not only laboratory, but also field fabrication prob-
\ '
' • lems establishing the spiked sample.

0
0

G

In summary, the results of QC indicate that there is good confi-

dence in Northern Engineering Laboratory's analyses with the exception

of sulfate and arsenic analysis which are fair to poor. It is also pos-

sible that the cadmium and selenium analyses are not accurate at concen-

trations near the detection limits for the particular ion.

4.6.3.3 Representativeness

The evaluation of blank sample analyses (representativeness) is more

subjective than calculating minimum acceptable limits. If the analyses

of blank samples indicate a problem may exist, the problem could affect

Colder Associates
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the entire sample batch. Rarely does a blank sample evaluate a single

potential influence, but rather the difference between samples may help

isolate problems. Therefore, a real problem to all or most samples

should show up "systematically in most or several blank samples, instead

of a single blank.

The purpose of blank samples was to provide data to determine if the

chemistry of the samples could potentially be impacted by the atmosphere,

the distilled water used for cleaning, cross-contamination between sam-

ples, sample containers, the filtering process or the preservatives. The

analytical results of the blanks for each sampling period are presented

in Appendix B. These results indicate that vanadium was detected in

three of the six blanks during the first sampling period. The concentra-

tions (between 0.03 and 0.04 rag/1) were just above the detection limit

of 0.02 mg/1. During the second sampling period, the detection limit was

0.05 mg/1, and thus spurious detection of vanadium was not observed.

One noteworthy blank sample (Lab 1) from the second sampling period

showed several trace metals (arsenic at 0.014 mg/1, iron at 0.08 mg/1

and zinc at 9.06 mg/1). Since none of the other blank samples analyzed

contained any of these metals or other trace metals above detection, it

does not appear to be a systematic problem with either sampling or

analytical techniques.

4.6.4 Ground Water Types

The results of the chemical analysis were inspected to characterize

the samples into groups. Grouping the samples by water quality aids in

the understanding of the hydrogeological regime and in the interpreta-

tion of the results. Three methods were used to group the ground

i; water:
k-

b,
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ft] o Stiff diagrams,
(: - o Statistical treatment - factor analysis and cluster analysis

using the PMDP statistical package (Department of Biomathema-
tics, University of California, 1981), and

; o Inspection of data

n
1 Each method has limitations. The Stiff diagrams (presented in

I Appendix B) reflect only the major cation-anion water quality. The
\
! statistical treatment involves a multi- component analysis of all water

quality parameters, but does not consider special relationships among

•'} the water samples. The computer outputs from the statistical package

are presented in Volume 3. Inspection of the data is more subjective,

j but considers spatial relationships and probable flow system scenarios.

f '
i Based on a combinat ion of the above methods , two major natural

water groups have been ident i f ied , fresh water (Shallow Ground Wate r
r
i System) and soda water (Chesterfield Range System) . The water from each

group can be subdivided into the following:

V-.J

o Background water,

o Water containing fluoride, cadmium and/or selenium slightly
above background levels,

.-: o Water containing fluoride, cadmium and/or selenium above the
H recommended drinking water standards, and

o Water containing vanadium, ammonia, sulfate and/or chloride
..-, above background levels.

y
Table 4.12 shows the water samples by group and subgroup. With the

exception of TW25 and TW28, there were no differences between the two

sampling periods. TW25fTW28 are considered to belong to the fresh water

JS} group in the November/December, 1984, sampling, but fall within the soda

water group in the February/March, 1985, period. These wells may not
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have been developed thoroughly before sampling in the fall, or there may

be seasonal fluctuations in water quality.

4.6.5 Ground Water Quality Trends

The new water quality data represent only two measurement points in

time for each well. It is thus not possible to describe geochemical

trends for the new test wells. However, water quality trends can be up-

dated for the older test wells, the production wells and the off site

wells/springs. Referring back to Figures 2-2 through 2-6, inclusive,

significant changes are apparent for fluoride in TW5, TW6 and SWG, for

cadmium in TW6 and PW3, and for selenium in TW5, TW6, SWG and PW3.

Fluoride shows a trend of increasing concentration in TW5, TW6 and SWG.

There is no increase in fluoride concentration in PW3.

The trend in cadmium concentration for TW6 has been similar to the

trend/fluctuation in TW5, except for the last sampling period where a

dramatic decrease in cadmium concentration was recorded. Such a dramatic

decrease in cadmium concentration is unlikely in a short time period,

and thus the results of the last sampling and analysis period for cad-

mium in TW6 is suspect. The cadmium concentration in PW3 remained near

or slightly above the primary drinking water standard of 0.010 mg/1. It

should be noted however, that the accuracy of the cadmium concentrations

appear doubtful at concentrations close to the drinking water standard.

Selenium concentrations have shown a reduction in each of the wells

TW5, TW6, SWG and PW3. Although the sampling procedure was changed for

TW5 and TW6 (previously installed submersible pumps had been removed and

sampling included airlifting and bailing as described in Section

3.6.4.), there was no change in sampling procedure for SWG or PW3. It

is thus not likely that the reduction in selenium concentration is a

I Colder Associates



TABLE 4.12

WATER SAMPLE GROUPS

Fresh Water

BACKGROUND
WATER

TW2, TW13,
TW14, TW15,
TW34, TW38,
Lewis,
Nelson

WATER WITH F AND
^USUALLY Cd, Se,

S04 and Cl
SIGHTLY

ABOVE BACKGROUND

PW2, PW3, TW19,
TW20, TW26,
Effluent

WATER WITH
F AND USUALLY
Cd, Se, S04 and
Cl CONSIDERABLY

ABOVE BACKGROUND

PW1, TW5, TW6,
TW16, TW17, TW22,
TW24, TW27, TW30,
TW36, TW37, TW39,
TW40, SWG,
Mormon Spring,
Calf Spring

OTHER WATER WITH
V AND SOMETIMES
NH4, S04 AND Cl
ABOVE BACKGROUND

TW11, TW12, TW31,
TW32, TW33, SWC

Soda Water

L<

li

BACKGROUND
WATER

TW3, TW4,
TW7, TW8,
TW9, TW18,
TW21, TW25,
TW28*,TW29*,
TW35, Hooper
Springs, Dock
Springs

WATER WITH F AND
USUALLY Cd, Se,

504 and Cl
SLIGHTLY

ABOVE BACKGROUND

TW10*, TW23*,
SW Spring*

WATER WITH
F AND USUALLY

Cd, Se, S04 and
Cl CONSIDERABLY

ABOVE BACKGROUND

OTHER WATER WITH
V AND SOMETIMES
NH4, S04 AND Cl
ABOVE BACKGROUND

* Some suggestion of mixture of fresh and soda water.
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i result of new sampling procedures. Further data are required to assess

the rather large fluctuations in selenium concentrations.

f

' 4.7 Water Level Monitoring

4.7.1 General
/

All water level data obtained during the field program are shown in

Appendix C. The Appendix also contains water level elevation hydro-

graphs for each test well. For multiple well monitoring sites (well

I ; nests), the appropriate hydrographs are superimposed on the same plot.

4.7.2 Water Level Hydrographsr

o

Water level hydrographs generally show decreasing water levels dur-

ing the monitoring period lasting from July, 1984, to February, 1985.

This decrease in water level was anticipated, since fall and winter are

generally periods of low aquifer recharge. It is likely that ground

water levels will rise during the spring.

For multiple well monitoring sites, different water levels are gen-

erally observed for test wells completed at different depths, indicating

some component of vertical flow between hydrostratigraphic units. Also,

superimposed hydrographs from wells within the same nest generally have

very similar shapes (i.e. rise and fall In unison). These data suggest

that vertical leakage may occur in the hydrologic system.

The water levels in some test wells exhibited diurnal (24 hour) and

semidiurnal (12 hours) oscillations that were more or less sinusoidal in

nature. The amplitude of the water level oscillations ranged from 0.01

to 0.035 ft, depending on the test well location and the type of oscil-

lation. Semidiurnal oscillations were observed during the new and full

moon and diurnal oscillations occurred during the first and last quart-

ers. As a result, it was concluded that the observed water level fluc-

tuations represented hydraulic responses to earth tides (Volume 2).
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i

|;| Two important observations were noted after review of the water

level monitoring records:

1) Water" level oscillations were observed in test wells TW3, TW4,

f TW5, TW9, TW18, TW21 and TW23. These test wells are all com-

pleted deeper than 100 ft below the water table.

i
1 2) With exception of two test wells, TW7 and TW26, water level

oscillations were not observed in test wells completed within

-••' 100 ft of the water table (TW6, TW8, TW10 through TW17, TW19,

p TW20, TW22, TW24, TW28, TW30, TW31, TW34 and TW36).

i ;

, Test wells not included above have either inconclusive records or were

i not completed and/or instrumented.

! '

; A decrease in the vertical hydraulic conductivity of the basalt

sequence with increasing depth below land surface is believed to be the

[ cause of tidal induced water level oscillations only being recorded at

depth within the hydrological system. At depth within the system (i.e.

{ greater than about 100 ft below the water table), low vertical hydraulic

conductivities appear to prevent attenuation of the earth tide response

via upward leakage. However, at shallow depths, higher vertical hydrau-

lic conductivities appear to result in attenuation of the earth tide re-

sponse as rapidly as the response is induced.

0

Based on the analysis described in Volume II, earth tide water level
k.'

responses have been used to estimate a specific storage value of 3.3 x

«• 10~' ft~l for the hydrogeological system. This value is in very close

agreement with that obtained from the plant production well pump test-

nu
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To evaluate the probable vertical hydraulic conductivity of the sys-

tem at shallow depths, a two layer conceptual model of the physical sys-
,-' »

tern was formulated (Volume 2). Based on the solution of an analogous

heat flow problem, a lower-bound value for vertical hydraulic conducti-

1 vity of 3 x 10~2 f t 2 /day/ f t is calculated. This lower-bound value for

vertical hydraulic conductivi ty is considered an order of magnitude

estimate.
i

t • 4.7.3 Potentiometric Data
l.J

f Potentiometric data for February 15th, 1985 (except for TW40, where

the water level was measured on February 17th, 1985), is summarized in

( Table 4.13. The table also includes the direction and magnitude of the

vertical components of the hydraulic gradient between individual test

\~ wells at a well nest site.

i .

r In general, these data show that for the upper two test wells com-

l pleted within the basal't sequence at a particular well nest site, there

is a negligible difference in the potentiometric elevation measured in

each test well. Examples include TW37 and TW6, TW16 and TW17, TW19 and

..., TW20, TW22 and TW24 and TW28 and TW29. These test wells are generally

[.i completed at depths up to 60 ft. below the water table.

f = 'Jj There is however a measurable vertical component of hydraulic gra-

dient between the upper two test wells and the lower test well(s) at a

3, particular well nest site within the basalt sequence. The vertical com-

ponent of hydraulic gradient is predominantly downward in the west cen-

H tral and east central portions of the site, while upward vertical com-

ponents of hydraulic gradient are present along the southern boundary of

L the site (Figure 4.4). In other portions of the site, data are insuffi-

cient to allow definitive conclusions regarding vertical flow Campo-
s'"
if ' nents.
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TABLE 4.13

POTENTIOMETRIC DATA

rL
r
iv.

TEST
WELL
NUMBER

TW2+

TW4

TW3

TW37

TW6

TW5

TW10

TW7

TW8

TW9

TW12

TW11

TW14

TW15

TW13

TW16

TW17

TW18

TW19

TW20

TW34

TW21

TW24

TW22

TW23

GROUND
ELEVATION
(ft)

5989*

5880.07

5880.26

5957.10

5957.10

5956.97

5884.44

5884.46

5884.67

5883.85

5937.63

5936.62

5986.46

5986.48

5986.43

5996.85

5996.42

5994.62

5891.20

5891.76

5891.62

5891.46

5952.49

5952.44

5952.35

ELEVATION
OF COMPLETION
INTERVAL (ft)
Top

5915

5774

5700

5870

5851

5757

5866

5850

5809

5648

5853

5808

5973

5938

5907

5928

5901

5775

5868

5856

5824

5786

5879

5848

5781

Bottom

5729

5754

5630

5857

5831

5736

5857

5824

5789

5631

5837

5800

5962

5926

5888

5920

5881

5756

5862

5847

5817

5768

5860

5840

5762

WATER
LEVEL

ELEVATION
(ft)

5937.22

5878.61

5878.64

5890.99

5890.99

5887.12

5871.19

5871.43

5873.38

5878.09

5870.82

5871.33

5975.91

5973.07

5974.09

5935.69

5935.66

5937.26

5869.05

5869.03

5868.99

5873.68

5885.0

5885.04

5883.33

COMPONENT OF
HYDRAULIC GRADIENT
Direction

—

N

N

D

U

U

U

U

D

U

N

U

N

N

U

N

D

Magnitude

0.041

0.010

0.051

0.029

0.012

0.080

0.030

_

0.013

—_

0.018

_

0.024

*Estimated

Page 1 of 2
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I TABLE 4.13 (Cont'd)

TEST
WELL
NUMBER

TW27

TW26

TW25

TW29

TW28

TW30

TW31

TW33

TW32

TW39

TW35

TW36

TW38

TW40

PW1+

PW2+

PW3+

Nelson

SWC

SWG

Lewis

GROUND
ELEVATION

(ft) .

5995.50

5995.58

5995.80

5987.70

5986.96

5990.98

5973.88

5974.03

5974.09

5894.99

5895.03

5904.66

5970.94

5988.32

5987.60

5987.52

5989.51

6021*

5910*

5874.82

5860*

ELEVATION
OF COMPLETION
INTERVAL (ft)
Top

5908

5860

5816

5948

5911

5929

5952

5907

5823

5847

5824

5856

5882

5906

5897

5879

5916.

Bottom

5902

5853

5804

5940

5898

5922

5944

5899

5796

5839

5806

5850

5869

5899

5787

5734

5874

UNKNOWN

5829

5841

5810

5755

WATER
LEVEL

ELEVATION
(ft)

5908.90

5905.66

5905.56

5949.13

5949.12

5930.93

5952.04

5950.99

5950.21

5869.02

5869.77

5880.45

5885.95

5906.23

5887.78

5875.11

5945*

UNKNOWN

5865*

3835*

COMPONENT OF
HYDRAULIC GRADIENT

Direction

D

D

N

D

D

U

-

Magnitude

0.067

0.002

_

0.023

0.008

0.027

-

NOTES:

D
2)

3)

*Estimated

Test wells grouped by site; listed in order of increasing depth.

Water levels as at February 15th, 1985, except TW40 which was at
February 17th, 1985.
Component of hydraulic gradient as measured between test wells
at each well nest:

U = , indicates upward component
D = indicates downward component
N = indicates negligible upward or downward component

These wells are open over the Upper and Lower Basalt Zones; the
potentiometric level therefore represents a combination of the
potentiometric levels from various horizons open to the wells.

Colder Associates
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COMPONENT OF HYDRAULIC GRADIENT BETWEEN

TEST WELLS AT WELL NEST SITES
Figure 4.4
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TABLE 4.10

SUMMARY OF QUALITY CONTROL RESULTS

ON LABORATORY REPLICATE AND SPIKED SAMPLES

FOR FEBRUARY/MARCH, 1985, SAMPLING

(mg/1)

Total Dissolved
Solids

Calcium

Magnesium

Sodium

Potassium

Total Alkalinity

Chloride

Fluoride

Nitrate & Nitrite

Sulfate

Arsenic

Cadmium

Chromium

Iron

Lead

Manganese

Selenium

Silver

Vanadium

Zinc

No.
of
Sam-
ples

7

9

9

8

7

9

9

6

7

8

1

5

2

1

*

*

7

*

1

3

PRECISION
(Mean CV)

0.015

0.015

0.007

0.059

0.057

0.015

0.033

0.015

0.054

0.144

0.094

0.115

0

0

*

*

0.039

*

0.049

0

No.
of
Sam-
ples

7

9

9

8

7

9

9

6

7

8

3

8

6

6

7

6

8

7

6

6

COMPLETENESS
FOR

PRECISION
(%)

100

100

100

88

86

100

89

100

86

62

100

100

100

100

100

100

100

100

100

100

No.
of
Sam-
ples

7

7

7

7

5

8

7

6

5

9

7

6

6

9

5

8

6

6

6

ACCURACY
(Mean

Recovery %)

99

96

97

98

103

104

99

101

99

106

94

90

109

95

91

95

97

100

97

No.
of
Sam-
ples

'

7

7

7

7

5

8

7

6

5

9

7

6

6

9

5

8

6

6

6

COMPLETENESS
FOR ACCURACY

(%)

100

100

100

100

100

100

100

100

100

56

86

83

83

100

80

100

100

100

100

*Results were below detection, therefore CV's cannot be calculated.
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TABLE 4.11

SUMMARY OF QUALITY CONTROL RESULTS

ON FIELD SPLIT AND SPIKED SAMPLES

FOR FEBRUARY/MARCH, 1985, SAMPLING

(mg/1)

Total Dissolved
Solids

Calcium

Magnesium

Sodium

Potassium

Total Alkalinity

Chloride

Fluoride

Nitrate & Nitrite

Sulfate

Arsenic

Cadmium

Chromium

Iron

Lead

Manganese

Selenium

Silver

Vanadium

Zinc

No.
of
Sam-
ples

5

5

5

5

5

5

5

5

5

5

2

1

2

*

1

3

3

*

1

1

PRECISION
(Mean CV)

0.04

0.02

0.02

0.04

0.08

0.01

0.03

0.03

0.12

0.02

0.23

0.25

0.0

*

0.0

0.75

0.13

*

0.043

0.013

No.
of

Sam-
ples

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

COMPLETENESS
FOR

PRECISION
(%)

100

100

100

100

100

80

100

100

60

100

100

100

100

100

100

60

80

100

100

100

No.
of
Sam-
ples

2

2

2

2

2

2

2

2

ACCURACY
(Mean

Recovery %)

98

0

81

58

20

80

214

78

No.
of
Sam-
ples

'•

2

2

2

2

2

2

2

2

COMPLETENESS
FOR ACCURACY

(%)

100

50

50

50

100

100

50

100

*Results were below detection, therefore CV's cannot be calculated.



TABLE 4.7

SUMMARY OF TARGET IONS

WITHIN SELECTED SAMPLING LOCATIONS

November and December 1984 Period

Test Well
Number

TW5

TW6

TW11

TW12

TW16 •

TW17

TW22

TW23

TW24

TW26

TW27

TW30

TW33

PW1

PW2

PW3

Calf
Springs

Mormon
Springs

SWG

SWC

(EPA)
Standards

CONCENTRATIONS (mg/1)

F

10.7

12.9

0.24

0.25

7.43

8.14

9.33

1.31

3.58

0.63

4.11

2.38

0.39

1.73

0.69

0.55

8.14

9.77

6.2

0.29

2.4

Cd

0.211

0.47

ND

ND

1.41

0.087

0.07

0.034

0.039

0.011

0.039

ND

ND

0.192

ND

ND

ND

0.038

ND

ND

0.01

Se

ND

0.029

ND

ND

N/A

0.008

0.023

0.007

0.026

0.006

0.048

ND

ND

ND

ND

ND

0.026

0.011

ND

ND

0.01

S04

632

633

264

475

222

338

847

455

464

456

414

389

53

166

95

84

328

285

277

379

250*

Cl

332

250

114

233

121

301

313

112

233

152

71

141

20

141

58

45

91

112

81

186

250*

V

0.05

0.07

ND

0.61

N/A

0.03

0.13

0.03

0.09

0.04

0.06

0.07

0.27

0.08

0.05

0.06

0.03

0.03

0.06

0.44

*Recommended Concentrations for Standard Drinking Water

All other samples recorded concentrations
less than drinking water standards.

ND = Not Detected (below detection limit)

N/A = Not Analyzed
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TABLE 4.8

SUMMARY OF TARGET IONS

WITHIN SELECTED SAMPLING LOCATIONS

February and March 1985 Period

Test Well
Number

TW5

TW6

TW11

TW12

TW16 •

TW17

TW20

TW22

TW23

TW24

TW26

TW27

TW30

TW33

TW36

TW37

TW39

TW40

PW1

PW2

PW3

Calf
Springs

Mormon
Springs

SWG

(EPA)
Standards

CONCENTRATIONS (mg/1)

F

12.3

14.4

0.27

0.28

8.05

6.61

2.68

12.3

1.4

4.6

0.76

2.68

3.61

0.24

11.9

31.3

6.88

11.9

1.6

0.79

0.58

8.85

10.8

7.52

2.4

Cd

0.348

0.007

ND

ND

1.49

0.027

ND

0.018

0.013

0.007

ND

0.023

ND

ND

0.053

1.21

ND

70.4

0.201

0.027

0.016

ND

0.038

ND

0.01

Se

0.010

0.026

ND

ND

0.173

0.012

0.006

0.016

ND

0.016

0.006

0.028

0.007

ND

0.078

0.066

0.076

0.055

0.025

0.009

ND

ND

0.009

ND

0.01

S04

640

622

195

574

194

316

244

912

431

641

536

538

367

43

385

600

306

1770

172

100

84

316

293

291

250*

Cl

230

230

107

302

115

302

63

232

83

227

179

65

189

23

101

214

87

1180

109

58

45

64

78

56

250*

V

ND

ND

ND

0.67

0.24

ND

ND

0.07

ND

ND

ND

ND

ND

0.30

ND

0.15

ND

0.16

ND

ND

ND

ND

ND

ND

*Recoramended Concentrations for Standard Drinking Water

All other samples recorded concentrations
less than drinking water standards.

ND = Not Detected (below detection limit)
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5.0 HYDROGEOLOGICAL MODEL

5.1 General

This section describes the development of a conceptual hydrogeologi-

cal model for the environment beneath the Soda Springs plant site.

Although the plant site is complex hydifogeologically, an attempt has

been made to define the most probable hydrogeological model based on the

present data.base. The model brings together the geological, geophysi-

cal, hydraulics., geochemical and potentiometric data presented in

Section 4.0 of this report.

Analysis of the collected data has permitted the geological env-

!

-T ironment to be defined and a number of hydrostratigraphic zones identi-

-; fied. The overall conceptual hydrogeological model has been developed

, - from this basis.

I ;

5.2 Geology

5.2.1 Stratigraphy

As discussed in Section 2 .2 , invest igat ions prior to this s tudy

indicated the stratigraphy of the site to comprise surficial silty clay

overlying Pleistocene basalts with interbedded cinder zones in turn

overlying sandstones and limestones of the Salt Lake Format ion . This

sequence was in general confirmed by the geological reconnaissance and

dril l ing program. The geological data collected f rom the p r e s e n t

investigation is, however, considered much more reliable than that

assembled f rom the previous limited well d r i l l i n g . As such the

following geological descriptions and interpretations are based on the

data collected from the present investigation.

Based on drill cuttings and geophysical logging, five separate

basalt flows have been shown to be present beneath the site. They have

Colder Associates
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I been designated Flow I, II, III, IV and V in ascending order, and are

delineated on the basis of changes in lithology or abrupt changes in the

natural gamma log response (Figures 5.1 to 5.4). Each successive flow

is separated by weathered basalts or sedimentary interbeds. The basalt

i flows vary in thickness from 80 ft to less than 10 ft, and are separated

by sedimentary interbeds or weathered zones from 23 ft thick to 1 ft

thick. Based on these stratigraphic correlations, the basalt flows

generally strike aproximately N60°W and dip at 2 degrees or less to the

southwest..

5.2.2 Structural Geology

f i As discussed in Section 4.2.1.2, there are strong indications of a

'•- major normal fault t ravers ing the plant site and the results .of the

f - drilling and geophysical logging have substantiated the presence of such

ii • a fault. In addition, a subparallel photolineament is present to the

f-. west of the normal fault . This fea ture could have three interpreta-

L-, tions: a depositional/geomorphic feature such as a pressure r idge , a

(, facies change such as the end of a basalt flow; or a structural geolog-

J/, ical feature such as a subsidiary fault . Any of the above geological

features could explain the noted geological and hydrogeological condi-

([ ] ; . tions. However , based on Colder Associates ' experience in similar

geological environments and in particular at the plant site, we believe

jjj this feature to be a subsidiary fault subparallel to the main identified

^ fault. This feature will be referred to as the subsidiary fau l t thro-

jy; ughout the remainder of the text.

Jii Figure 5.1 is a geological cross-section located parallel to the

southern boundary of the plant site (see Plate 1). LI thologic . and

jjji . natural gamma correlations indicate west side down normal vertical dis-

placement of about 20 ft on a fault striking between test wells TW11 and

I'-p- ' TW21. A further displacement is suggested between test wells TW9 and

Colder Associates
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TW35, based on a dis t inct increase in o f f se t of natural gamma and

lithologic horizons between TW9 and TW35, compared to the offset between

TW35 and TW21 . (The possibility of a faul t at this l o c a t i o n was

recognized during the aerial photography assessment (Section 4 . 2 . 2 ) ) .

The offset of lithologic and geophysical horizons between TW21 and TW35

is in the order of 3 to 5 ft, giving a slope of less than 0.8 degrees.

The offset of the same marker horizons between TW9 and TW35 is around 14

ft, yielding a slope of about 1.5 degrees. Therefore, it is likely that

, a fault (the subsidiary fault referred to above) lies between TW9 and

Ij TW35. However, this would not preclude another faul t of very small

c- displacement located between TW35 and TW21.

From the drilling results, vertical, west side down, normal dis-

placement along the major fault appears to increase to the no r thwes t ,

typical of a hinge fault. This agrees well with the topographic exp-

i ression of the fault scarp. It also appears that displacement across

the subsidiary fau l t mi r ro r s tha t along the hinge f a u l t ; decreasing
/'

| southwards. Both the hinge fault and the subsidairy fault appear to die

out south of the plant site. Figure 5.2 is a geological cross-section

• across the central portion of the site from test well TW23 to test well

TW32 (see Plate 1). Net vertical displacement between test wells TW23

M and TW25 is about 80 ft.
i-i

0 Although distinctive stratigraphic and geological horizons are
•

traceable over much of the plant site, faulting has caused vertical dis-

1.' placement of these horizons. As a consequence, it appears that perme-

able cinder zones and weathered basalt horizons may be offset against

if less permeable unweathered basalt. This results in discontinuous cinder

zones over the plant site area. This phenomena is particularly well dis-
Vs

Ip: played in Figures 5.1 and 5.2, where the cinder zone above the<3 2 hor-

izon appears to be truncated to the east by the main fau l t and to the

ip' .. west by the subsidiary faul t .

Colder Associates
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The literature survey Indicated that Threemile Knoll appeared to be

an upfaulted block or horst structure. No evidence for the presence of

faults south of Threemile Knoll was found during the drilling program.

The basalt, however, thins considerably approaching the knoll.

The Paris Thrust Fault was not seen in the field reconnaissance or

drilling program but was not anticipated based on the depths drilled.

5.3 Hydrostratigraphy

l

(--. The geological sequence to a depth of about 250 ft beneath the plant

c site can be divided into four hydrostratigraphic zones. Each zone com-

prises several hydrogeological units which are defined on the basis of

i geology, hydraulic properties, po ten t iomet r i c data and aqueous chem-

istry. These hydrostratigraphic zones have been ident i f ied by Colder

Associates as follows:

o Surficial Deposit Zone,
o Upper Basalt Zone,
o Lower Basalt Zone and
o Salt Lake Zone.

Table 5.1 summarizes the major character is t ics of each hydros t ra t i -

graphic zone.

5.3.1 Surficial Deposit Zone

This zone is composed of a sand and gravel aqui fe r which is both

overlain and underlain by lower permeability silty clays. This zone is

only found in the northeast and east-central plant site areas. The sand

and gravel aquifer is about 10 ft in thickness. Ai r l i f t test ing indi-

• cated the sands and gravels to be relatively permeable; however , no

conventional permeability testing was carried out. Based on permeabil-

Golder Associates



TABLE 5.1 CHARACTERISTICS OF HYDROSTRATIGRAPHIC ZONES

HYBHO-
STIIAT [GRAPH 1C
ZONE

SURFICIAL
OK POSIT

U P P E R
BASALT

LOUEl
> AS ALT

SALT
LAKE

GEOLOGY

Quaternary alluvlua

c l a y s , < 40 (t. t h i ck ;
overly baaalt .

Upper 100 ft. of bae.lta.
Plowi IV and V.
Two-three baeslt Interbed

• 1UO 1-20 It. thick end
unweethersd bssalts 3-60 ft.
th ick .

100 ft. to et U.It ISO ft.
dep th . Three to four baaalt
Interbed tones (weathered
builti) < 10 ft. thick and

50 ft. thick, flo vi 1, H,
•nd 111.

Ter t l e ry ellly congloaerate
> 25 ft . thick underlies
bssalta.

HTDRAUUC
PARAMETERS

No tes t ing .

end gravels - 1<H f t . * / d s y / f t .

lnterb«d cones - squlfers
k - 100 - 10,000 f t . 2 / d s y / f l .
Baaa l te - "aqultards" horliontsl

vert lcel k > 5 I 10'S f t . V d e y / f t .
Si • ID"7 ft."1

Interbed tone* - "aquifers"
k < 1 f t * / d e y / f t .
Si • 10-' ft."1

3 I 1C'2 f t . 2 / d s y / f t .

Ho testing.

HYDRAULICS
RESPONSE

Unknown.

Hydrau l i c coaaunlcstlon
between test wel ls
coaplctcd In thll tooe

Ho hydnul lc ccaounl-

welli coapleted In
both lower end upper
beeelt et well
ntet s i te .

Unknova .

POTEWTIOMETR1C OATA

No Beesureble potentloaetrlc
heed d i f f e r ence between teat
wells coapleted et d i f f e r en t

conponent of hydraulic (radiant
between teat wile et well aalt
l i te.

Upwerd coaponent of hydraulic

plant i l te. Upward or downward
coaponent of hydraulic gradient
between Lower and Upper too*
wells at well neat site In rest
of plsnt sits*

Upwsrd f low potential to
overlying baaal te .

AQUEOUS
GEOCHEMISTRY

Freeh Water :
TOS < 600 >g/l Ca/Mg > 1
Doalnant CaHCO]
«0j > 5 •»/!
Neutrel p«, oildlalng.

Fresh to sl ightly brackleh water

weet and aouthweit plant slta corners).

rresh To SlUhtly Iracklsh U.tsri
TOS 800 - 3,000 Hg/1, Ca/«g > 1
twain. nt Ca HCO) or CaSOt
H03 > 5 .1/1. F > O.S a«/l
Neutral pU, ot ldls lng.
(Soda water eee Lower Baselt Zone.)

sl ightly, brackish).

Sods Uatert
TDS > 1,550 ag/l, M»/Ca > 1
Doalnant Kg HCO)
NO] < 1 as/1, Fe > 1 ag/l.
pH 3.8 to 6.S, weakly oildlslng
(Fresh water aea Upper Maalt Zone.)

Ca/Hg > 1
NO] > 5 ag/l
Neut r a l pU, oildlslng.

VELl COMPUTED/
SPRINGS

TWla

TM2«, TU6, TW7«, TY««,
TW10«, TU12, TW13,
TV16, TW17, TV19, TU20,
Till, W2*, TM2t, Tyl7,
TU29«,TU30, 1V31, W33,
TM36, TV37, TU38, TW39,
TW40, PV1«, PW2«, F1I3*
Nelson, Lewie, SUC, SWC
S.U. Springs, Docks,
Roopar*, Moraoo, Calf*

TW3, W», TW5-b, IV9,
TWlll>, TM18, TV21, TU23,
TV23, TV28, TU32», TU3t,
TW3).

TV13

k - hydrtullc conductivity
3« - Specific icortit

C« - C.le
HCOj - Me*
S04 - Sulf
NO3 - Nltr
T« - Iron

Dissolved Solids • These welle are open over their
ia, Mg - Hegoealua fu l l depth; however, weter quality
bonete, reaeablea Upper Baaalt Zone.

". F - Fluoride. a - »-/..""«.l15l{t,'.,.aJa>.,«.,.
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ity testing in similar material, the hydraulic conductivity of the sand

and gravel aquifer is considered to be on the order of 10^ ft /day/ft.

Only test well TW14 is completed in this aquifer, and thus flow direct-

ion and hydraulic gradient cannot be determined. Geochemically, the

water is fresh and similar to that of the underlying Upper Basalt Zone

(Section 5.3.2).

No hydraulic or geochemical data are available for the overlying

and underlying silty clay aquitards.

5.3.2 Upper Basalt Zone

This zone is composed of several basalt interbed aquifers and ap-

parent basalt aquitards. The Upper Basalt Zone is found in most places

beneath the plant site to a depth of about 100 ft below ground surface.

In the northeast plant site area, the Upper Basalt Zone thins consider-

ably (less than 30 ft) as the basalt laps onto Threemile Knoll. In

general, there are two and at some locations three interbed aquifers

made up of cinders and/or weathered basalts. These aquifers are sep-

arated by 2 basalt flows (Flow IV and Flow V).

The interbed aquifers (weathered basalts, cinders, sands and gra-

vels) range in thickness from about 1 to 20 ft. thick. Permeability

testing of these materials indicates a hydraulic conductivity ranging

from about 100 to 10,000 ft2/day/ft (Figure 4.3). The basalt "aquitards"

consist of unweathered basalt ranging in thickness from 3 to 80 ft. The

basalts mapped on the surface showed extensive vertical and horizontal

jointing (Section 4.2.1.1). The vertical jointing is probably fairly

extensive at depth due to the columnar nature of the basalts. The

horizontal jointing visible at the surface however maybe a surficial

weathering feature and is probably absent at depth.

Colder Associates
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Columnar jointing would Impart a relatively high vertical hydraulic

conductivity to the basalts. Analysis of the TW20 pump test data

indicates a vertical hydraulic conductivity for the Upper Basalt of

greater than about 5 x 10~5 ft2/day/ft (Section 4.5.3). Analysis based

on earth tide responses for the Lower Basalt Zone suggests a vertical

hydraulic conductivity of greater than 3 x 10~2ft^/day/ft and a low spe-

cific storage (1CT7 ft"1) (Section 4.7.2).

The horizontal hydraulic conductivity of the unweathered basalt has

not been determined since no test wells were completed in these mat-

erials. However, Colder Associates' experience in similar basaltic

environments suggests that the hydraulic conductivity of the unweathered

basalt is probably relatively high although less than that of the inter-

bed zones by possibly an order of magnitude or more. Ground water flow

would thus be preferentially through the more permeable interbed zones.

Although there are apparent differences in the hydraulic parameters

for the different geological units within the Upper Basalt Zone:

o the results of the airlift development/testing (showing hydrau-
lic communication between most test wells at any one well nest

completed at different depths within this Zone)
o the potentiometric data (showing no measurable difference in the

hydraulic heads between test wells completed at different depths
at a well nest site in this Zone) and

o similar aqueous geochemistries between test wells and this zone,

suggests that the basalt interbed zones and unweathered basalts of Flows

' IV and V act regionally as a single hydrostratigraphic zone.

The ground water in the Upper Basalt Zone is generally fresh to
T '~

I . slightly brackish (Table 5.1) with the exception of test wells TW7, TW8
9 '-'

and TW10 and Hooper, Dock and Southwest Springs in the southwest plant

site area and TW29 in the nor thwest plant site area (Figure 5 .5 . ) .

Ground water sampled from the Uppe r Basalt Zone in the southwest and

I ri
W ' P
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northwest plant site areas is sodic, (Section 4.6.4) characteristic of

the Lower Basalt Zone water (Table 5.1). Data from test well. TW4 is

suspect however due to apparent construction difficulties and the

results of hydraulics testing (Section 4.5.2) which indicate that it may

be in direct hydraulic communication with test well TW3.

Within the plant site area, the Upper Basalt Zone is recharged by

infiltration of precipitation, downward movement from the Surficial

Deposit Zone (where present), underflow of ground water from the north,

northeast and east of the plant site and some component of ground water

from the underlying Lower Basalt Zone over parts of the site (Figure

4.4. shows areas of upward hydraulic gradient) . Discharge of ground

water is by means of flow to the south and downward leakage in the

central plant site area to the underlying Lower Basalt Zone (see Figure

4.4.) and by pumping from plant production wells PW1, PW2 and PW3.

I .

5.3.3 Lower Basalt Zoner .
The Lower Basalt Zone is composed of several basalt interbed

aquifers and basalt aquitards (Basalt Flows I, II and III). The Zone is

found in most places beneath the plant site underlying the Upper. Basalt

Zone to a depth of at least 250 ft (deepest well). This Zone thins and

is found at shallower depths or may not be present in the area of test

wells TW13, TW14 and TW15, where the basalts apparently lap onto the

flanks of Threemile Knoll. In general, there are three aquifers, and at

some locations four, less than 10 ft in thickness. These aquifers are

separated by unweathered basalts.

The physical characteristics of the drill cuttings and drill pene-

tration rate of the basalt aquitards suggests that these basalts are

similar in nature to those of the Upper Basalt Zone. However, the analy-

sis based on earth tide responses suggest that the vertical hydraulic

Colder Associates
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conductivity of these basalts is low. In addition, the potentiometric

data show measurable differences in hydraulic head at most well nest

sites between test wells completed in the Upper Basalt and Lower Basalt

Zones. Lastly, -the results of the airlift development/testing show no

hydraulic communication in most wells at any one well nest completed in

both the Upper and Lower Basalt Zone; although indicative of a low

vertical hydraulic conductivity, the short duration of the airlift

development/testing does not allow for a conclusive assessment. Colder

Associates considers it likely that there is a decrease in vertical

hydraulic conductivity with depth. Thus, the basalts in this Lower

Basalt Zone are considered to act as regional aquitards. Quantification

of aquitard parameters, other than thickness, is not possible with the

present data.

The basalt interbed aquifers are composed mostly of weathered bas-

alts with some cinders. The average hydraulic conductivity value for

these aquifers, based on tests run on test wells TW5, TW9 and TW25, is

less than 1 ft^/day/ft. A value for storativity could not be assessed

with the present data since no two test wells were completed in the same

zone at a particular well nest site (Section 4.5.2).

Most of the test wells in the Lower Basalt Zone in the western

portion of the plant site contain soda water, characteristic of the

j: Chesterfield Range System (Table 5.1) while those in the eastern portion

of the plant site contain fresh water (Figure 5.6). Over much of the

central plant site area, there are no test wells completed in the Lower

Basalt Zone and hence the water type is unknown.

The Lower Basalt Zone is recharged by downward leakage from the

Upper Basalt Zone in the central and eastern portions of the plant site

and from upward leakage from the basalts or Salt Lake Zone underlying

Colder Associates
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Eils
the Lower Basalt Zone. The Lower Basalt is probably also recharged by

underflow from upgradient (north of the plant site) . The Zone dis-

charges southwards via underflow and upwards to the Upper Basalt Zone

over the southern portions of the plant site. In addition, the pumping

of plant production wells PW1, PW2 and PW3 abstracts ground water from

the Lower Basalt Zone.

5.3.4 Salt Lake Zone

C

This zone, found only in test well TW13 in the north east corner of

the plant site, is considered to underlie the basaltic zones and is

thought to exist everywhere beneath the plant site area. However, with

the exception of the area around Threemile Knoll, this zone is apparent-

ly at greater depth than investigated during this study.

Visual examination of the drill cuttings from TW13 compare with the

observed surface exposures of the Salt Lake Formation (a stratified

silty conglomerate). Description of average aquifer parameters is not

possible based on the limited data from test well TW13. However, based

on a comparison with similar soils we consider the hydraulic conducti-

vity of the silty conglomerate to be less than 1 ft^/day/ft. The hydro-

chemistry from TW13 is similar to that of the fresh water of the Shallow

Ground Water System type (Table 5.1), however it is considered likely

that the hydrochemistry of the Salt Lake Zone underlying the basalts in

the central and southern plant site areas is different from that seen in

TW13.

5.4 Conceptual Hydrogeological Model

A conceptual hydrogeological model of the environment beneath the

plant site combines an interpretation of geology, hydrogeology and

Colder Associates
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•'- geochemistry. Four hydrostratigraphic zones have been defined in the

previous subsection, however as a result of the limited data available

for the Surficial Deposit and Salt Lake Zones the development of a

conceptual model for these zones is not possible. The majority of data

; assembled during this investigation is from the Upper and Lower Basalt

1 Zones. The conceptual hydrogeological model developed in this section

concentrates on these two zones which have the greatest significance for

the movement of ions from the plant operations through the ground water

system.

r 5.4.1 Upper Basalt Zone

A base map showing the locations of wells and springs in the Upper

Basalt Zone is shown on Figure 5.7. Where two or more test wells are

completed within the Upper Basalt Zone at a particular location only the

shallowest well (with the exception of TW24) is identified on Figure

5.7, due to the similarities in potentiometric data and aqueous geo-

chemistry between test wells completed at different depths in this zone.

Test well TW24 was affected by grout following construction; data from

test well TW22 is therefore used instead.

Potentiometric data for these test wells is presented in Table

4.13. Equipotentials and ground water flow lines based on these data

can be drawn in several ways depending on the interpretation of geology,

hydraulics and hydrochemistry. Setting aside these constraints, a

visually interpolated contouring of these data is presented on Figure

5.8. This figure indicates that in general, ground water flow is south-

wards or southwestwards. The plant production wells create a localized

cone of depression in the center of the plant site.

The ground water flow directions developed in this conceptual model

must also be consistent with the aqueous geochemistry within the Upper

Colder Associates
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Basalt Zone. An examination of the water quality data (Section 4.6)

Indicates that there are a number of ions within the local ground water

system above background levels. These ions are fluoride, cadmium,

selenium, sulfate, chloride and vanadium. The spatial distribution of

these ions within the ground water system should (irrespective of struc-

ture) reflect the overall direction(s) of ground water flow within this

zone. Figures 5.9, 5.10, 5.11, 5.12, 5.13 and 5.14 present the distri-

butions of fluoride, cadmium, selenium, sulfate, chloride and vanadium

respectively based on visually interpolated contouring of the ion con-

centrations from the February/March 1985 sampling period. It should be

noted that test well TW2 and plant production wells PW1, PW2 and PW3 are

open over the Upper and Lower Basalt Zones. Water quality from these

wells represents a mixing of water from both zones. The results of the

drilling (Section 4.3.2) indicate that most ground water is produced

from the cinder zones within 100 ft of the water table (Upper Basalt) .

It is therefore probable, that the plant production wells make the

majority of their water from the Upper Basalt Zone but also receive some

ground water from the Lower Basalt Zone. The Lower Basalt Zone ground

waters are apparently lower in fluoride, cadmium, selenium, sulfate,

chloride and vanadium concentrations than the Upper Basalt waters.

Mixing of the two waters in the well bore will tend to produce a water

that is a somewhat diluted mixture of the true Upper Basalt Zone ground

waters. The ion isopleths in the following figures have been drawn

taking this potential mixing into account.

The fluoride distribution (Figure 5.9) shows a relatively narrow

plume (approximately 1,000 ft wide) of fluoride-enriched ground water

> 5 mg/1) extending southwards in the western plant site area south from

the area of the old underflow solids ponds. This plume appears to

deviate to the southwest south of the plant site.
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UPPER BASALT ZONE
FLUORIDE

(NO STRUCTURAL INFLUENCE)
Figure 5.9
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UPPER BASALT ZONE
CADMIUM

(NO STRUCTURAL INFLUENCE)
Figure 5.10
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UPPER BASALT ZONE
SELENIUM

(NO STRUCTURAL INFLUENCE)
Figure 5.11
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UPPER BASALT ZONE
CHLORIDE

(NO STRUCTURAL INFLUENCE)
Figure 5.12

-iui'f- "o"! :• '• " i" ^V;i;«•±wi YOV; ";'• ! ^~>T?

NOTE kl
represents

dilutiorj of Upper Bosot Zone water by< Lower
Bosoltj Zone water.

LEGEND
•107 Chloride concentrotion (mg/l) Feb/Mar. 1985

ibO Chloride isopleth (mg/l) r -i Wells open to both Lower and

0 1000

Scale - feet
Nov. 1984 concentrotion. Upper Basalt Zone.

GoJder Associates



UPPER BASALT ZONE
SULFATE

(NO STRUCTURAL INFLUENCE)
Figure 5.13
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UPPER BASALT ZONE
VANADIUM

(NO STRUCTURAL INFLUENCE)
Figure 5.14
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The chloride and sulfate distributions (Figure 5.12 and 5.13) are

similar in shape to the fluoride distribution on the western side of the

plant site however to the south east of the plant site there is an area

of relatively high (300-500 mg/1) chloride and sulfate concentrations.

The area of elevated chloride and sulfate concentrations is apparently

oriented in a northeast-southwesterly direction.

The spatial distributions of cadmium (Figure 5.10) and selenium

(Figure 5.11) concentrations generally have the same overall shape as

that of fluoride while the vanadium concentrations (Figure 5.14) some-

what resemble the sulfate and chloride distributions to the east and

south east of the plant site.

The spatial distributions (irrespective of structure) of all of the

above ions are generally inconsistent with the ground water flow direc-

tions for the western side of the property as presented on Figure 5.8.

The fluoride, cadmium, selenium, sulfate and chloride distributions

Indicate a generally southerly flow of ground water on the western side

of the property south of the old underflow solids ponds. Figure 5.8

indicates that a southwesterly flow would be expected in this area.

To the east and south of the plant site, it appears that the dis-

tribution of sulfate, chloride and vanadium could be partially explained

by the ground water flow directions presented on Figure 5.8.

In order to present a plausible conceptual hydrogeological model

fully explaining the observed ion distributions, the model must also

incorporate the expected hydraulics effects of the geological structure

and local hydrogeological conditions (i.e. recharge/discharge areas).

Available geological data indicates that both the hinge fault and

subsidiary fault appear to have thrown relatively permeable basalt in-
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terbed aquifers against less permeable (although still permeable)

unweathered basalt zones (Figures 5.1, 5.2). The juxtaposition of less

permeable basalts and permeable interbed zones across the fau l t s com-

bined with the possible development of some fault gouge, could make the

faults act as "barriers" to ground water flow. Hydraulics data from the

test well TW20 pump test and plant production well tests appear to

corroborate this. It should be noted that although the term "barrier"

is used when referr ing to the hydraulic e f fec t of the faul ts it is

probable that the faults are only partial barriers and that some ground

water flow takes place across the fault planes or zones.

The throw across the hinge fault appears to decrease southeastwards

from about 80 ft in the central plant site area to about 20 ft across

the southern plant site boundary. Surface reconnaissance shows the

fault scarp to disappear south of the plant site possibly indicative of

a disappearance of the fault. The topographic fault scarp is visible

for at least 1,500 ft south of the plant site and it is likely that the

hinge fault acts as a "barrier" to groundwater f low along this length

but further south the fault may have very little e f f e c t on the hydro-

geological conditions. Similarly, the throw across the subsidiary fault

may also diminish southwards. The topographic expression of this faul t

is not visible either on the plant site (due to the presence of ponds)

or immediately south of the plant site.

The hydrogeological conditions ( the presence of springs and the

upward component of hydraulic gradient) indicates a ground water dis-

charge zone west of the plant site and in the southwest corner of the

plant site. Soda water appears to be upwelling from the Lower Basalt

Zone to discharge at or near the ground surface. This ground water

discharge zone could act as a hydraulic partial "barrier" boundary in

the south western plant site area and e f f e c t the f l o w lines in a

similiar manner to the fault "barrier".
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-fr~
[• Figure 5.15 presents the potentiometric data from Table 4.13

contoured assuming that the major faul t and the subsidiary fault or

discharge area in the sou thwes t plant site area act as par t ia l

"barriers" to ground water flow. Comparison of Figure 5.15 and Figures

•' 5.9 to 5.14 indicates that this conceptual flow model is generally able

to explain the observed distributions of f luoride, cadmium, selenium,

sulfate and chloride and vanadium over the plant site area.

: To the west of the hinge fau l t , the general direction of ground
| •
*- water flow is to the southeast at a gradient of about 0.006. There

;• appear to be two ground water flow systems west of the hinge fault:

one, bounded to the east by the hinge fault and to the west by the sub-

sidiary fault or hydraulic barrier, containing fresh water to slightly

brackish water with elevated fluoride, cadmium, selenium, sulfate and

chloride; and a second flow system to the west of the subsidiary

:
v fault/hydraulic barrier containing soda water with background concentra-

tions of fluoride, cadmium, selenium, sulfate and chloride.

To the east of the hinge fault, in .the central plant site area, the

( pumping of the plant production wells creates a cone of depression

intercepting much of the south to southeasterly flowing ground water.
["
? Ground water is also drawn in from the east to the pumping centers. The

hydraulic gradient in this area is locally as steep as 0.05 (as deter-

t mined from the equipotentials and flow lines on Figure 5.15). By creat-

ing a cone of depression the pumping wells appear to intercept the

{ southeasterly migration of fluoride, cadmium, selenimum, chloride and
'o

sulfate from sources in the northwest quadrant of the plant site.

To the southeast of the plant production wells, the ground water

flow direction is generally to the south under a gradient o£ about 0.02.

This flow direction is generally inconsistent with the distributions of

sulfate, chloride and vanadium in this area presented on Figures 5.12,

Colder Associates



UPPER BASALT ZONE
GROUND WATER FLOW DIRECTIONS

(ASSUMING STRUCTURAL INFLUENCE)

Figure 5.15
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i

f? 5.13 and 5.14. It is believed that the hinge fault acts as a "barrier"

in this area and therefore, the distributions of these ions are probably

orientated in a more southerly direction consistent with the overall
i

direction of ground water flow rather than extending southwestwards as

( indicated on Figure 5.12, 5.13, 5.14.

f For this conceptual flow model, it is probable that the actual dis-

x tributions of fluoride, cadmium, selenium, sulfate, chloride and vana-

• . dium within the ground water system reflect the proposed flow direc-
I 'CJ tions. Figures 5.16 to 5.21 inclusive, present the distributions of

/- these ions considering the conceptual flow model presented in Figure

I 5.15. It should be noted that the fluoride and sulfate distr ibutions

south of the southwest plant site corner appear to indicate that the

i| subsidiary fault /ground water discharge area is not present in this

area. However, since geological and hydrogeological data is limited

\ south and west of the plant site, the exact reason for the dis t r ibut ion

of fluoride and sulfate in this area cannot be identified. In addition,

^ the chloride distributions (Figure 5.19) appear to indicate that the

ground water quality in test well TW10 may be affected by seepage f rom
t '
t the eff luent stream or leakage from the effluent lagoon.

G

The average linear velocity is a funct ion of the hydraulic grad-

ient, hydraulic conductivity and the e f fec t ive porosity of the zone.

The effective porosity has not been determined explicitly by any of the

field programs. Based on a visual examination of the drill cut t ings ,

I the total porosity of the interbeds could be as high as 50 per cent.

However, the specific storage data suggest that the effective porosity,

pi could be relatively low, say less than 10 per cent. Based on an esti-

mated value of hydraulic conductivity of 2.5 x 103 f t2 /day/f t (Section

| 4 .5 .4) and known hydraulic gradients , the ground water flow ra tes
L:

beneath the plant site could vary from about 150 ft/day .on the western

[ • , side of the hinge fault to about 1200 ft/day in the area north and east
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UPPER BASALT ZONE
FLUORIDE

(STRUCTURAL INFLUENCE)
Figure 5.16
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UPPER BASALT ZONE
CADMIUM

(STRUCTURAL INFLUENCE)
Figure 5.17
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UPPER BASALT ZONE
SELENIUM

(STRUCTURAL INFLUENCE)
Figure 5.18
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UPPER BASALT ZONE
CHLORIDE

(STRUCTURAL INFLUENCE)
Figure 5.19
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UPPER BASALT ZONE
SULFATE

(STRUCTURAL INFLUENCE)
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UPPER BASALT ZONE
VANADIUM

(STUCTURAL INFLUENCE)
Figure 5.21
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/
£;-[i i ; of the plant production wells. It Is emphasized that the ground water

flow rates presented above are estimates and it is more probable that a

i range of flow rates exist say from about 20-200 f t / day on the western

side of the hinge fault and- from 200 to 2000 ft/day in the central plant

( site area.
i

t 5.4.2 Lower Basalt Zone
i
<

t" ; Compared to the Upper Basalt Zone there is significantly less data

'-' available to develop a conceptual ground water flow model for the Lower

,-- Basalt Zone. However, having developed a conceptual flow model for the

<-• Upper Basalt Zone it is likely that a similar overall flow model (with

t some slight modifications) is applicable to the Lower Basalt Zone. Other

(. models have been considered, but cannot be substantiated because of the

limited data.

i .

A base map showing the locations of most test wells completed in
t .
£__; the Lower Basalt Zone is shown on Figure 5.22. Where more than one test

well at any particular location is completed in the Zone, only the deep-

| est test well is identified on the base map. Figure 5.23 contours the

potentiometric data for the test wells shown on Figure 5.23, assuming

that both the hinge fault and subsidiary fault or ground water discharge

area are partial barriers to ground water flow and that the plant pro-

duction wells create a cone of depression in the center of the plant

site similar to that seen In Upper Basalt Zone. The overall direction

x of ground water flow is to the south under a hydraulic gradient ranging

from 0.03 in the area to the north east of the plant production wells to

about .006 in the south central portion of the plant site.

The distribution of fluoride, cadmium, selenium, sulfate, chloride
'

and sulfate in the Lower Basalt Zone are shown on Figure 5.24 to 5.29
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respectively. Geocheraical data from test well TW25 is suspect since the

well was affected by grout during completion. The water quality in this

test well does not appear to have reached equilibrium with the local

environment (see Stiff diagrams B-ll in Appendix B) . In general, the

distributions of fluoride and cadmium are fairly similar in shape to

that of the Upper Basalt Zone indicative of similar flow directions.

Some differences, particularly sulfate and chloride are apparent; how-

ever, this may be due to the limited data and potential interference

, caused by using data from TW25. It is concluded however, that with the

tj available hydrogeological and geochemical data the ground water flow

f, model presented in Figure 5.23 is generally representative of the con-
i
I ditions in the Lower Basalt Zone.

I

; As indicated in Section 5.3.3, there is both downward leakage from

the overlying Upper Basalt Zone into the Lower Basalt Zone and upward
i
| leakage from the Lower Basalt Zone into the Upper Basalt Zone. Based on

the hydrogeological setting of the plant site (valley bottom) it is con-

I sidered probable that prior to the installation of the plant production

wells the area underlying the plant site was a regional ground water

discharge area receiving flow from depth with an upward vertical gradi-

ent across the plant site. It appears that the installation and sub-

sequent pumping of the plant production wells, which are open over their

full depth and therefore draw water from .both the transmissive Upper

0:
Basalt Zone and less transmissive Lower Basalt Zone, has probably dis-

:
rupted the natural system reversing the regional hydraulic gradients

•| close to the center of the plant site. Since the Lower Basalt Zone
i£

aquifers are less transmissive than the Upper Basalt aquifers, the pump-

Hj ing of the plant production wells has probably resulted In a greater

drawdown in the Lower Zone aquifers when compared to the Upper Zone

[T: aquifers close to the plant production wells and thus reversed the pre-

pumping upward flow component to a downward flow component. This

jj'" hydraulic gradient reversal would induce the downward movement of ground

fcp
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p:;v water from the Upper Basalt Zone to the Lower Basalt Zone in the center

of the plant site. The water would then flow inwards to the plant pro-

: duction wells where it is discharged from the system.

/ Assuming an effective porosity for the Lower Basalt Zone aquifers

i of between 1% and 0.1% (based on examination of the drill cuttings), a

( hydraulic conductivity of 1 ft^/day/ft, and most probable hydraulic gra-

i dients (Figure 5.23), the average linear ground water velocity in the

Lower Basalt Zone aquifers is estimated to range from 0.6 to 6 ft/day to

[J the west of the hinge fault and from 3 to 30 ft/day in the area to the

northeast of the plant production wells.

5.5 Hydrogeological Model Summary

There are four hydrostratigraphic zones underlying the plant site:
f

i the Surfical Deposit Zone, the Upper Basalt Zone, the Lower Basalt Zone

and the Salt Lake Zone. The Surfical Deposit Zone is only known to be

present in the northwest quadrant of the plant site. The Salt Lake Zone

was only identified in the northeast plant site area but is probably

I present at depth under the plant site underlying the Lower Basalt Zone.

f •
} ;- Ground water flow in the Upper Basalt Zone is influenced by fault-

ing and/or regional hydrogeological conditions and pumping of the plant

:; production wells. Both the hinge fault and the postulated subsidiary

fault which strike northwest-southeast, appear to act as "barriers" to

i groundwater flow. The presence of a regional ground water discharge
i*:-**

area south west of the plant site appears to have a similar e f fec t as a

i]} "barrier" boundary. The ground water flow direction is generally to the

south or southeast parallemn8 tne geological s t ructure . Estimated

|:: ground water flow rates range from about 20 to 2000 f t /day in this zone.

The pumping of the plant production wells creates a cone of depression

I'? >, in the central plant site area intercepting ground water flowing f rom
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the north, northeast and east of the plant site. The Upper Basalt Zone

Is recharged by precipitation, underf low from the north and east and

leakage from the underlying Basalt Zone over the southern and northern

parts of the. plant site. Discharge from the Upper Basalt Zone is by

pumping of the plant production wells and also southwards via underflow.

Plant production well pumping also appears to have induced downward

leakage. from the Upper Basalt Zone into the Lower Basalt Zone over the

central portions of the plant site. This ground water may then be drawn

towards the pumping wells in the Lower Basalt Zone and discharged from

' ; the system. Figure 5.30 is a summary two-dimensional conceptual flow

t model for. the Upper Basalt Zone based on the po t e n t i o m e t r i c and

i geochemical data.

i The available hydrogeological and geochemical data indicates that

groundwater flow in the Lower Basalt Zone is also influenced by faulting*
i and/or a regional ground water discharge zone and the pumping of the

plant production wells. The faults and discharge zone act as "barriers"
j >

j. to ground water flow. The ground water flow direction is similar to

that of the Upper Basalt Zone; southeastwards over much of the southern

J! plant site area and southwestwards over the northeast plant site qua-
q •

drant. Estimated ground water flow rates in this zone range from 0.6 to

|; 30 ft/day. The Lower Basalt Zone is recharged by leakage from the

underlying Salt Lake Zone or deeper lying basalts and by leakage from

\. the overlying Upper Basalt Zone in the central plant site area. The

pumping of the plant production wells appears to be responsible for the

j downward leakage from the Upper Basalt Zone to the Lower Basalt Zone in

the central plant site area. It appears that the leakage from the Upper

HJ Basalt Zone may eventually flow towards the plant production wells in

the Lower Basalt Zone and be discharged from the system. The Lower

IP Basalt Zone also discharges southwards via underflow and upwards to the

Upper Basalt Zone over the southern portions of the plant site. Figure

P-: v 5.31 is a summary two-dimensional conceptual flow model for the Lower

Basalt Zone based on the potentiometric and geochemical data.
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LOWER BASALT ZONE
VANADIUM

(STRUCTURAL INFLUENCE)
Figure 5.20
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LOWER BASALT ZONE
BASE MAP

Figure 5.22
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LOWER BASALT ZONE
GROUNDWATER FLOW DIRECTIONS

(ASSUMING STRUCTURAL INFLUENCE)
Figure 5.23
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LOWER BASALT ZONE
FLUORIDE

(STRUCTURAL INFLUENCE)
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LOWER BASALT ZONE
SELENIUM

(STRUCTURAL INFLUENCE)
Figure 5.26
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LOWER BASALT ZONE
CHLORIDE Figure 5.27

(STRUCTURAL INFLUENCE)
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LOWER BASALT ZONE
SULFATE

(STRUCTURAL INFLUENCE)
Figure 5.28
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UPPER BASALT ZONE

FLOW DIRECTION AND GEOCHEMISTRY
Figure 5.30
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LOWER BASALT ZONE
FLOW DIRECTION AND GEOCHEMISTRY

Figure 5.31
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November, 1985 6-1 842-1543

j;0 6.0 IMPACT OF OPERATIONS ON WATER QUALITY

6.1 General

The purpose of this section is to present and discuss the hydro-
r "

j geochemical data for the purpose of assessing the impact of past plant

operations on the local water quality. This is accomplished by firstly

identifying the level of confidence in the available water quality data

based on the QA/QC results. Subsequently, the distribution of specific

i ions within the ground water system is presented and discussed to

identify the origin and characteristics of specific ion plumes; on-site

(I sources are identified. Statistical methods have also been carried out

on the data to corroborate the evidence for possible on site sources of

f i specific ions.
i. .

i ' The section also includes a brief discussion concerning the poten-

tial mobility of specific ions within the ground water f low system and

p identifies the possible mechanisms of solute t ranspor t along ground

water flow paths.

r
'- 6.2 Specific Parameter Isopleths

M
LJ Analysis of ground waters and spring waters both on and off the

P, Monsanto plant site shows apparently elevated concentrations of various

U ions which could originate from past and/or current plant site opera-

tions. These ions are fluoride, cadmium, selenium, chloride, sulfate

yj and vanadium.

g] Prior to discussing contour plots of these specific ions, it is ne-

cessary to review the implications of the QA/QC results presented in

tj| Section 4.6.3. These results suggest that the sulfate analysis are

i
Golder Associates
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^ valid but not very exact. This indicates that sulfate is present in the

ground water; however, the actual concentration could be somewhat dif-

i ferent from the reported value. The magnitude and orientation of con-

tours based on sulfate data is therefore suspect. For fluoride,

chloride and vandium the QC data indicates that the reported concentra-

tions are both valid and exact (i.e., the ions are present in the ground

! water at or very close to the reported concentrations; repeated measure-

ments would give similar concentrations. Therefore the magnitude and

j ••'•) orientations of the isopleths is representative. For cadmium and

selenium, there is the possibility that the reported concentrations are

j not accurate at concentrations close to the limits of detection. These

data are therefore suspect. At higher concentrations, there is good

confidence in the reported concentrations for these ions.

! 6.2.1 Upper Basalt Zone

Two possible distributions for each specific ion within the ground

waters of the Upper Basalt Zone were presented in Section 5.0. Figures

5.9 and 5.14 inclusive presented visually interpolated ion concentration

contours of the data irrespective of structure, while Figures 5.16 to

5-21 inclusive presented ion concentration contours based on the most

probable groundwater flow directions (incorporating structure) . Based

on the available data, we consider that Figures 5.16 to 5.21 inclusive

represent the most probable ion distributions in the Upper Basalt Zone.

F 7

The contour plots for fluoride, cadmium and selenium (Figures 5.16,

5.17 and 5.18 show three areas of relatively high ion concentration: an

area toward the northwest corner of the plant site, an area towards the

north on the western boundary of the plant site and an area towards the

north in the central portion of the plant site. The specific areas of

relative high concentration are each based on data from a single test

Colder Associates
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r;:I
r'l^

•.;<; well. It is probable that additional test wells would change the loc-

ation of specific isopleths. However, it is considered that the general

pattern of isopleths would remain relatively unchanged.

I Figures 5.16, 5.17 and 5.18 show two discrete ion plumes, each gen-

erally orientated in the general direction of ground water flow. The
i
I plume to the southwest of the hinge fault appears to originate in the

area of the old underflow solids ponds. The plume extends southwards

i over a relatively narrow band (approximately 1500 ft wide) and is appar-

ently bounded to the east by the hinge fault and to the west by the
r"?

I j subsidiary fault or ground water discharge area. It is probable that
i..i

some ground water mixing takes place across the faults/discharge zone

\'- and as a result there is a transition zone between the different ground
1,

water types.

r '
The fluoride plume (Figure 5.16) extends south of the plant site to

at least Calf or Mormon Springs. Some mixing with ground waters to the

west of the subsidiary fault/ground water discharge area also appears to

have taken place based on the the fluoride concentration in TW10.

G
The cadmium plume (Figure 5.17) appears to be restricted to the

plant site area but the selenium plume (Figure 5.18) may extend south of

the plant site although not as far as the fluoride plume. The fluoride,

cadmium and selenium plumes are present in the Upper and Lower Basalt

Zone immediately south of the old u n d e r f l o w solids pond ( f o r a

discussion of the Lower Basalt Zone, see Section 6 . 2 . 2 ) . In the

southern plant site area, these ion plumes are found only in the Upper

U Basalt Zone within and above the 2C4 horizon/cinder zone. It appears

that the upward component of hydraulic gradient in this area (Figure
C '.

Ijj 4 -4 ) prevents the downward seepage of these ions to the Lower Basalt

Zone.

r ...
to

Colder Associates
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The fluoride, cadmium and selenium plume to the northeast of the

hinge fault appears to originate in the areas of the old northwest pond

and old hydro-clarifier. The plume extends southeastwards and is absent

southeast of the plant production wells. Near the old northwest pond1

the plume is present within the 5C3 cinder zone and within the cinder

zone found some 20 to 30 ft below the ^3 horizon. There is an upward

component of hydraulic gradient in this area which probably prevents the

seepage of contaminated ground water to greater depths (i.e., the Lower

Basalt Zone) at this location. Closer towards the plant production

wells, it appears that pumping has probably reversed the natural verti-

cal components of hydraulic gradient allowing seepage downwards from the

Upper Basalt Zone to the Lower Basalt Zone. It is therefore possible

[ that the plume may be present in both the Lower and Upper Basalt Zone to

the north of the plant production wells. (For a discussion of the Lower

\ Basalt Zone, see Section 6.2.2). Figure 5.30 indicates that the pumping

of the plant production wells creates a cone of depression in the

{ : central plant site area preventing the southeasterly migration of the

ground water plume originating in the northwest plant site area.

n

r •
!

The contour plots of chloride and sulfate concentrations from the

F! Upper Basalt Zone, considering structure (Figures 5.19 and 5.20, respec-

** tively) are fairly similar in shape to Figures 5.16, 5.17 and 5.18 in

p the western and central plant site areas. The sulfate plume extends

tj; south of the plant site to at least Calf and Mormon Springs while the

,.> chloride plume appears to be restricted to the plant site area. The

ibi chloride isopleths (Figure 5.19) also appear to indicate some localized

leakage from either the effluent stream or ponds into the Upper Basalt

ii Zone in the southwest plant site corner. The chloride and sulfate

isopleths in the southeast corner of the plant site show an area with

jy, relatively high (300 - 500 mg/1) sulfate and chloride concentrations.

Colder Associates
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P It appears likely that the chloride and sulfate distributions in this

area represent the westerly edge of a southward migrating plume whose

( center lies some distance east of the plant site.

; The vanadium isopleths (Figure 5.21) are somewhat similar to that

of chloride and sulfate in the southeast plant site area. It appears

that a vanadium plume exists in this area orientated in a south to

south-westerly direction. Limited data precludes a full delineation of

Li the vanadium plume however. Figure 5.21 also indicates three smaller

vanadium plumes; in the area of the old underflow solids pond, southeast

!

' i
! of the northwest pond and southeast of the old hydro-clarifier.

j 6.2.2 Lower Basalt Zone
i .

j The contour plots of ion concentrations (considering s t ruc ture)

from the Lower Basalt Zone for fluoride, cadmium and selenium (Figures

5.24, 5.25 and 5.26, respectively) only show one area of relatively high

ion concentrat ions. The area is located towards the nor th on the

western plant site boundary. This area lies immediately beneath an area

*•' in the Upper Basalt Zone of relatively high ion concentrat ion of these

0 specific parameters. In addition, this area shows a downward component

of hydraulic gradient between the Upper and Lower Basalt Zones (see

0 Figure 4.4). However, the specific area of relatively high ion concen-

tration is primarily based on data from a single test well (TW5) and the

p completion integrity of this well is suspect. The well bore may be the

ti pathway for downward migration of contaminants. It is probable that

^ additional test wells would change the specific location and/or orienta-

ls tion of the isopleths, but, it is considered by Colder Associates that

the general pattern of Isopleths would remain relatively unchanged . The
I 'i
5J; migration of these specific ions is considered to be generally towards

the south along ground water flow lines.

;i
fe*

Colder Associates
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|j!j
ji:.! The contour plots of ion concentrations from the Lower Basalt Zone

for chloride and sulfate (Figures 5.27 and 5.28, respectively) are

' fairly similar in shape to Figures 5.24, 5.25 and 5.26 in the western

plant site area. These figures also show two additional areas of

relatively high ion concentration located in the southeast corner of the

plant site and the central plant site area. There are also elevated

concentrations of sulfate, chloride and vanadium in the Upper Basalt

Zone at this location and it is considered likely that the ion concen-

I j trations observed in the Lower Basalt Zone are associated with the plume

in the Upper Basalt Zone (Section 6.2.1). The elevated sulfate and

I ; chloride concentrations in test well TW25 in the central plant site area

are suspect since it appears that the water quality has not equilibri-

'" ated with the local environment following drilling disturbance.

c
i:

The vanadium contour plot from the Lower Basalt Zone (Figure 5.29)

shows no areas of elevated ion concentrations; all water samples from

the February/March, 1985, tests were below the minimum detection level

of 0.05 mg/1.

6.3 Sources of Specific Ions

I!
t« Apparent sources of fluoride, cadmium, selenium, chloride, sulfate

... and vanadium at the Monsanto site are identified by their relative con-

6J centrations in the ground water system(s). It was not part of Colder

Associates Terms of Reference to conduct a records search or investiga-

gj tion of past disposal practices. Potential sources (past and present)

existing at the Monsanto site were not investigated or physically/chera-

g ically characterized. Monitoring ground water quality identified areas

in which ground water apparently has been impacted, or is currently
fp&j - being impacted.

Golder Associates
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The apparent sources identified by this study are suggested in Fig-

ures 5.16 to 5.21 and 5.24 to 5.29 inclusive, by the centers of ion

concentration. In general, for the Upper Basalt Zone these centers of

ion concentration correlate with the northwest pond, the old underflow

solids pond, the new sea]*>d imHprflrm gnlfHfi pond 3 the old hydro-

clarifier and/or an area to the east of the plant site (Plate 1). It

should be noted that the old open bottom hydro-clarifier was replaced

with a new sealed system in August 1985. One center of ion

concentration for the Lower Basalt Zone correlates with the area below

the old underflow solids pond, the other center appears to be east of

the Monsanto plant site. These implied source areas have only been

termed "apparent sources", since the contour plots only show the

relative spatial distribution of the raw geochemical data for the

February/ March, 1985, sampling period. The relative spatial

distribution of the raw geochemical data, and thus the orientation and

magnitude of the isopleths, may or may not be statistically significant.

To verify the statistical significance of the geochemical data, the EPA

accepted student "T" test was performed for each suspected ion on

upgradient and downgradient test well pairs.

The student "T" test is a statistical procedure to determine whether

the means of two small sample groups, assumed to be normally distributed

are equivalent within some confidence interval. The calculations for

this study were made by the Statistical Package for Social Science (SPSS

version 8.3) using the data from the October/November 1984 and February/

March 1985 sampling periods, and assuming a 95 per cent confidence

interval. For the Upper Basalt Zone, test wells TW15 and TW29 were used

as background water quality test wells. These two test wells were

checked against each other for a significant difference using a two-

tailed test (the results are shown in Table 6.1). Since there was no

significant difference between test wells TW15 and TW29 for each ion

tested, and because of the limited data, the geochemical data from the

Colder Associates



TABLE 6.1

ONE-TAILED PROBABILITY FOR COMPARING

TWO GROUPS OF TEST WELLS.

UPSTREAM AND DOWNSTREAM OF SOURCES

ZONE

Upper
Basalt
Zone

Lower

Basalt

Zone

WELLS TESTED -

TW16* vs TW15.TW29

Significant Difference

TW30* vs TV15.TW29

Significant Difference
TW37* vs TW15.TW29

Significant Difference
TW40* vs TW15.TW29

Significant Difference
TW15 vs TW29(1)

Significant Difference

TW30* vs TW16*

Significant Difference
TV40* vs TW16.TW30

Significant Difference

TW5* vs TW18.TW28

Significant Difference

TW18 vs TW28(1)

Significant Difference

TW5* vs TW28

Significant Difference

TW5* vs TW18

Significant Difference

F

0.000

Yes

0.002

Yes

0.000

Yes

0.000

Yes

0.687

No

TW16XTW30

No

0.010

Yes

0.022

Yes

0.170

No

0.022

Yes

0.002

Yes

Cd

0.009
Yes

ND

No

0.000

Yes

0.000

Yes

ND

No

TW16XTW30

No

0.000

Yes

0.078

No

0.477

No

0.030

Yes

0.078

No

Se

0.000

Yes

0.056

So

0.000

Yes

0.000

Yes

ND

No

TW16>TW30

No

TW16.TW30

>TW40

0.004

Yes

0.542

No

0.027

Yes

0.018

Yes

S04

0.002

Yes

0.000

Y.es

0.000

Yes

0.000
Yes

0.984

No

0.006

Yes

0.000

Yes

0.000

Yes

0.781

No

0.002

Yes

0.000

Yes

Cl

0.000

Yes

0.051

No

0.000

Yes

0.000

Yes

0.089

No

0.096

No

0.000

Yes

0.062

No

0.214

No

0.018

Yes

0.062

No

V

0.000

Yes

0.247

No

0.001

Yes

0.001

Yes

0.300
No

TW16>TW30

No

0.288

No

ND

No

ND

No

ND

No

ND

No

n

ff"!
i •
L;

*Indicates Test Well Downstream of Source

NOTES:

(1) Used two-tailed test F15, V15 > F29, V29 for other constituents the level in

F18 > F28 TW 28 or TW 29 was higher.

ND = Indicates no difference in the means, therefore no significant difference

If the probability Is less than 0.05 (952 confidence interval) then the difference In

the means between the two groups Is considered to be significant.

For values below minimum detection level (BMD), especially when more than one value

tested is BMD, the maximum deviation was assumed.

Colder Associates
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two test wells were lumped together as a background source. This

background source data was then tested against data from test wells

downgradient from suspected sources (test wells TW16 and TW37) for a

significant difference at the 95 per cent confidence level using a one-

tailed test (the results are shown in Table 6.1). Where ground water

had travelled past a suspected source, the background water quality was

assumed to have changed, and thus an upgradient /downgradient set of

wells were tested. For the Lower Basalt Zone, test well TW28 was used

as the background well and test wells TW18 and TW5 were assumed to be

downgradient test wells.

Since the average linear flow rate is large (Section 5.3.2) and the

distance between test wells is relatively short, a s ignif icant d i f f e r -

ence in the "T" test may suggest that a source of the specific ion ex-

ists between the test wells or at the downstream test well. This

assumes that the background or upgradient and downgradient water quality

was the same, with respect to the specific ion prior to introduction of

the source. On the other hand, no significant d i f f e r ence in the test

results suggests that wi th respect to the speci f ic ion no source

exists. The degrees of freedom for each test were calculated by the

SPSS computer analysis. A small value for degrees of f reedom should

cause concern about the normality of the sample population, and thus the

reliability of the statistical test.

If the student "T" statistical test is considered to be val id , then

i, the sources suggested by centers of ion concent ra t ion must be re-

evaluated .

At those places where an ion shows a center of concent ra t ion , but

the s tudent "T" test is not s ign i f i can t , there is s ta t is t ical ly no

source. A summary of student "T" test resu l t s for s tat is t ical source

areas by ion is shown on Table 6.2. A portion of these analyses assume

Colder Associates



TABLE 6.2

SOURCES OF SPECIFIC IONS
SUGGESTED BY STUDENT "T" TESTS

Upper Basalt Zone

0
r

Fluoride

Cadmium

Selenium

Chloride

Sulfate

Vanad ium

OLD
UNDERFLOW
SOLIDS POND

Yes

Yes

Yes

Yes

Yes

Yes

NORTHWEST
POND

Yes

Yes

Yes

Yes

Yes

Yes

CURRENT
UNDERFLOW
SOLIDS POND

No

No

No

.No

Yes

No

HYDRO-
CLARIFIER

Yes

Yes

No

Yes

Yes

No

r
iU

Lower Basalt

i: Fluoride

Cadmium

Selenium

Chloride

Sulfate

Vanadium

OLD
UNDERFLOW
SOLIDS POND

Yes

No

Yes

No

Yes

No

NORTHWEST
POND

No

No

No

No

No

No
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that water quality of TW28/TW29 is the background water quality for

TW5/TW37. However, this assumption may not be true. For the Lower

Basalt Zone, the old hydro-clarifier and the current underf low solids

ponds are not evaluated as a source since downgradient deep wells do not

exist.

In summary, the results of the statistical analysis generally con-

firm the source areas identified by the examination of the ion isopleth

distributions. It appears that there are three on-site source areas

acting to impact ground water quality under the plant site. These

n are:
l.li o the old underflow solids pond

o the northwest pond
|r- o the old hydro-clarifier.
L

P The location of these sources is shown on Plate 1.

f~: The old underflow solids pond and northwest pond locally impact

*--' ground water quality in the Upper Basalt Zone with elevated concentra-

t tions of fluoride, cadmium, selenium, chloride, sulfate and vanadium.

The old open bottom hydro-clarifier was a localized source for fluoride,

«j cadmium, chloride and sulfate impacting ground waters of the Upper

ti Basalt Zone, but was replaced by a new sealed system in August, 1985.

nt_i The current underflow solids pond does not appear to be impacting

the ground water quality.

L
Ground water quality in the Lower Basalt Zone appears to be impacted

H by the old underflow solids ponds, but may in fact be impacted by leak-

age down the poorly sealed well bore of test well TW5.

Golder Associates
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Pliij! 6.4 Solute Mobility and Fate

6.4.1 Introduction

As a concluding section to this report, we have briefly reviewed the

j mobility (movement within the ground water system) of solutes entering

the ground water system as a result of past and/or current operations at
f

j the plant site. The relative mobilities of particular solutes provide an

insight into some of the chemical reactions which might occur along flow

I j paths. The fate of a solute refers to the time dependent concentration

of a particular solute within the ground water system. The fate of flu-

I oride and cadmium compounds has been assessed using saturation indices

to provide some degree of insight into the possible future concentra-

* tions of these compounds that could be expected in the local ground
1 water system.

f! 6.4.2 Solute Mobility

f: '

*°-- The Upper Basalt flow system on the west side of the hinge fault is

r. used for comparing relative mobilities of particular solutes. In parti-

ta cular, test wells TW37, TW36 and Mormon Spring were used in the analy-

sis. The relative mobilities of fluoride, cadmium, selenium, sulfate

and chloride were assessed by using the ratios of solute concentrations

along the flow path from TW37 to TW36 to Mormon Spring. The solute

concentration observed in each well was initially adjusted for back-

ground concentrations. The background concentrations were estimated

from water quality from TW28, TW29 and TW2, and are approximately:

Fluoride = 0.4 mg/1

Cadmium = 0

- Selenium = 0

Sulfate = 75 mg/1

Chloride = 25 mg/1

Colder Associates
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TABLE 6.3

SOLUTE CONCENTRATION RATIOS FROM

TEST WELLS TW37, TW36 AND MORMON SPRING

(February/March 1985 Sampling Period)

PARAMETER
RATIO

C1/S04

F/S04

F/C1

Se/S04

Se/Cl

Cd/S04

Cd/Cl

Cd/Se

TW37

0.36

0.05

0.15

0.0001

0.0003

0.002

0.006

18.

TW36

0.24

0.04

0.15

0.0003

0.001

0.0002

0.0007

0.7

MORMON
SPRING

0.24

0.04

0.18

0.00004

0.0002

0.0002

0.0007

4.

Colder Associates



•

0

November, 1985 6-14 842-1543

The resulting solute ratios are presented in Table 6.3. Chloride

and sulfate are normally conservative (non-reactive) in most geochemical

environments and are mobile in ground water flow systems. The ratios

for Cl/SO^ are consistent (considering sampling and analysis errors) and

indicate that these ions are migrating along the flow path with similar

mobility. The ratios between fluoride and sulfate and chloride are also

consistent along the flow path, and thus indicate the fluoride solute to

be as mobile as sulfate and chloride.

The ratios between cadmium and that of sulfate and chloride indicate

a significant reduction of cadmium relative to the other solutes from

test wells TW37 to TW36, but from test well TW36 to Mormon Spring the

ratios are the same. Selenium ratios with respect to sulfate and chlor-

ide show a different pattern from cadmium. Selenium increases relative

to sulfate and chloride from test wells TW37 to TW36, and then decreases

from test well TW36 to Mormon Spring. These results indicate that both

cadmium and selenium are not as mobile as fluoride, sulfate and chlor-

ide. Selenium appears to be slightly more mobile than cadmium, but the

results are unclear since selenium's largest value in this flow system

is in test well TW36 instead of test well TW37.

6.4.3 Saturation Indices

The saturation indices of a particular mineral phase provide an

insight into the dissolution-precipitation reactions taking place at a

particular point in time or space. The saturation index can be used to

obtain an understanding of the geocheraical behaviour and controls on the

ground water in a particular environment. For the purpose of the

present study, the fate of the fluoride and cadmium compounds in the

local ground water system has been assessed. In particular, attention

focussed on the fluoride and cadmium plumes indentified in Section 6.2

of this report.

Colder Associates
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•'-' Various geochemical equilibrium models are available for the calcu-

lation of saturation indices; for example WateqF and Wateq2 prepared by

the United States Geological Survey. Details of these models are found

in Plummer, Jones and Truesdell (1976) and Ball, Nordstrom and Jenne

(1980). For the determination of saturation indices, fluorite is the

controlling fluoride mineral and cadmium carbonate is the controlling

solid phase for cadmium in the local system. A review of the geo-

chemical models indicated that both models use a different solubility or

equilibrium constant for fluorite. No differences in the solubility

j I constant for cadmium carbonate were found.

f ~'

As a result of the reported differences in the fluorite solubility

constant, Colder Associates contacted a number of geochemical specia-

lists and researchers actively working in the area of fluorite geo-

chemistry. Discussions were held with Dr. E. Reardon (University of

, Waterloo, Ontario, Canada), Mr. E. Jenne (Batelle Northwest Laboratory)

; and Mr. O.K. Nordstrom (U.S. Geological Survey). The overall con-

clusions regarding fluorite solubility and kinetics from the discussions

; are as follows:
L. .

( o The exact solubility constant for fluorite is presently unde-
termined. Nordstrom believes research is needed to determine
the exact value.

O . _n no|i o The solubility constant for fluorite of 10 J-^ .u? as presented
*"" by Ball, Nordstrom and Jenne 1980 in the Wateq2 geocheraical

model is too low.
f '

(_• 6 The solubility constant for fluorite of 10~9.79 as presented in
the CRC Handbook of Chemistry and Physics (62nd Ed i t i on ) may

{ ; be too high.

d The solubility constant for fluorite of 10~10-54 as presented
_ by Pluramer, Jones and Truesdell, 1976 in WateqF is close to
|§ the solubili ty constant perceived by N o r d s t r o m based on
"* reported field observations by other researchers.

.- f

P b:'J The kinetics of fluorite equilibria are not slow; equilibrium
^i should be obtained from an oversaturated condition within a

time period of weeks to several months in most natural ground
P-. waters.

Colder Associates
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As a result of the di f ferences in the solubility constant for

fluorite, fluorite saturation indices were calculated based on the most

likely upper and lower bound values for the solubility cons tant . An

upper bound solubility constant for fluorite of 10~9.79 (QRC) and a lower

bound value of 10~10*54 (WateqF) were adopted. Cadmium carbonate satura-

tion indices were calculated based on a so lubi l i ty c o n s t a n t of

10~H*19 as presented in Wateq2. Saturation indices calculations were

performed on a limited number of groundwaters representat ive of the

Monsanto plant site (Table 6.4). The groundwaters not presented in this

table are undersa tura ted with respect to both f luor i t e and cadmium

carbonate with the possible exception of Calf spring. Calf spring is

probably oversaturated with respect to fluorite since the water quai ty

from this spring is similar to that of Mormon spring and the SWG well

which are located closeby.

6.4.3 Fluorite

Table 6.4 indicates that the two fluorite equilibrium constants

give different fluorite saturation indices. Although the ground waters

are generally oversaturated with respect to fluorite using both solu-

bility constants, the levels of saturation are lower using the CRC fluo-

rite solubility constant. It should also be noted 'that groundwater from

TW39 and TW17 is oversaturated with respect to fluorite using the WateqF

fluorite solubility constant but undersaturated using the CRC solubility

constant. In order to define the most probable fluorite solubility

constant, the kinetics of the fluorite system were examined in the light

of estimated groundwater velocities under the plant site.

Current research indicates that the fluorite system is not slow and

that equilibrium (saturation index = 1) should be reached in a period of

weeks to several months. Therefore, depending on the groundwater velo-

cities, fluorite equilibrium could be reached a very short distance

downgradient of the source if groundwater travel times are slow or

Colder Associates



November, 1985 6-17 842-1543

n

o

PL

C
11

TABLE 6.4

Saturation Indices

Sampling
Location

TW5

TW6

TW16

TW17

TW22

TW36

TW37

TW39

TW40

SWG

Mormon
Springs

Fluorite
(1)

2.5

3.6

1.1

0.3

3.4

2.3

25

0.5

3.6

1.0

1.9

Fluorite
(2)

14

20

6

1.6

19

13

140

2.6

2.0

5.4

11

Cadmium
Carbonate

0.07

0.002

0.76

0.002

0.04

0.02

0.82

N/A

0.26

N/A

0.02

Notes: Saturation indices greater than 1 indicate oversaturation with
respect to the mineral. Indices based on February/March 1985
geochemical data.

N/A Saturation indices could not be calculated since concentrations
were less than detection.

(1) Saturation index determined using 10~9-79 for solubility
constant.

(2) Saturation index determined using 10~10-54 for solubility
constant.

0
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1|-ij further downgradient if travel times are faster. We estimate that the

ground water velocity to the west of the hinge fault is about 150

' ft/day, however we consider the more probable range is between 20 to 200

ft/day. Based on this range, the travel time for ground water to flow

from the old underflow solids ponds (the fluoride source), to SWG or

Mormon Springs (a distance of about 4500 - 5000 ft) would be between 1

I to 8 months. Considering these travel times and the kinetics of the
i. .

fluorite system, we consider that fluorite equilibrium should be reached

I ; (or be very close to equilibrium) in the southern area of the plant site
.3

and in the area of SWG and Mormon Spring. Therefore, fluorite satura-

P tion indices should be at or close to 1.0 (equilibrium) in these areas.

Examination of Table 6.4 indicates that the fluorite saturation indices

f" calculated using a fluorite solubility constant, presented by CRC of

*••' 10~9«79) most resembles the distribution that would be expected consider-

j • ing the estimated range of ground water velocities. Colder Associates

* - therefore believes that the actual fluorite solubility constant in the

plant site environment may be close to 10~9.79 value as presented by CRC.

[

i: The fluorite saturation indices calculated using the CRC solubility

constant, indicate that the fluorite saturation index decreases south-

wards f rom TW37 ( S . I . = 2 5 ) to SWG ( S . I . =1 .0 ) and M o r m o n Spr ing

(S.I.=1.9). The fluorite saturation index calculated for ground water

from TW39 is 0.5 which indicates undersaturation and suggests that this

test well may be on the fringe of the f luor ide plume in the southern

plant site area (as shown on Figure 5.16). In the north-central plant

site area, the ground water from TW16 and TW40 are oversa tura ted with

respect to fluorite, while TW17 is undersaturated.

The decrease in fluorite saturation downgradient f rom the source

areas is probably due to one or a combination of the following reasons:

Colder Associates
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rrr;

!S o precipitation of fluorite within the basalts/interbeds

o attenuation of fluoride solutes from infi l trat ing waters ,

mixing with non fluoride ground waters and/or dispersion of

the fluoride solutes within the flow path.

i
The preliminary conclusions from the f luori te saturation indices

indicate that the ground waters for some distance downgradient of the

fluoride source areas (the old underf low solids ponds, the northwest

| s pond and the old hydro-clarifier) are oversaturated with respect to
Li

fluorite even after some degree of attenuation of the source with the

p: ground water. The source effluents must therefore be oversaturated with

respect to fluorite and the potential exists for the precipitation of

\~- fluorite within the vadose zone while the source effluents are percola-
?
*"' ting towards the water table. In addition, fluorite has potentially pre-

f"1 cipitated within the Upper Basalt Zone from the old under f low solids

l - ponds southwards to approximately the southern boundary of the site.

r~ Fluorite has also poten t ia l ly precipi tated in the Upper Basalt Zone

^ downgradient of the northwest pond and old hydro-clarif ier and in the

i Lower Basalt Zone locally downgradient of TW5. The degree and extent of

i-- fluorite precipitation in these areas is unknown.

I '
The precipitation of fluorite within the basalt/cinder zones

implies that fluoride could be subsequently released to the ground water

£_ even after the source is removed. The release of fluoride could be by

dissolution within the vadose zone by percolating meteoric waters and/or

fluctuating water table and within the aquifer by the throughflow of

ground water undersaturated with respect to fluorite. As a result, it

appears likely that natural flushing out of the source or fluoride

solutes in the ground water may take several months to several years

even if the source is removed.c

Colder Associates
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6.4.3.2 Cadmium Carbonate

Cadmium carbonate is undersaturated in all of the groundwater

samples analyzed (Table 6.4). Ground waters from TW37 and TW16 show a

saturation index of 0.82 and 0.76, respectively (close to saturation)

and considering the possible analytical errors in the chemical analyses

these groundwaters could be at saturation with respect to cadmium

carbonate.

To the west of the hinge fault in the Upper Basalt Zone, cadmium

carbonate saturation indices decrease southwards (hydraulically down-

gradient) from TW37. In the Upper Basalt Zone of the north-central

plant site area, the cadmium carbonate saturation indices decrease from

0.76 at TW16 to 0.3 at TW40. In the Lower Basalt Zone cadmium carbonate

is undersaturated at TW5. In addition, cadmium carbonate is considered

undersaturated in the plant product ion wells based on the reported

cadmium concentrations.

t.. The cadmium carbonate saturation indices decrease downgradient from

j^; the cadmium source areas (the old underflow solids ponds, the nor thwes t

pond and the old hydro-clarifier) in response to the precipi tat ion of

\\ cadmium carbonate wi th in the basalts/cinder zones, a t t e n u a t i o n of

cadmium solutes by infiltrating waters, mixing with non-cadmiura ground-

|J waters, dispersion of the cadmium solutes along the f low paths and

absorption onto mineral surfaces. Based on the sa turat ion indices , it

Ij: is likely that cadmium carbonate has precipitated in the Upper Basalt

Zone, downgradient of the old underflow solids ponds and?northwest porid .

jj|j The extent of this cadmium precipitate is unknown. It appears unlikely

that cadmium carbonate has precipitated in the Upper Basalt Zone

j j j . downgradient of the old hydro-clarifier.

![•• •-. The prel iminary conclusions drawn f rom the c a d m i u m c a r b o n a t e

saturation indices are that the source effluents from the old u n d e r f l o w
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m
j;::j solids pond and northwest pond could be oversaturated with respect to

cadmium carbonate. As a result, the potential exists for the precipi-

' tation of carbonate minerals containing cadmium within the vadose zone

while the source is percolating toward the water table. Cadmium could

j thus be redissolved in these areas by percolating waters for a period of

time greater than if cadmium were undersaturated and mobile. Cadmium

• may not be flushed out of the local groundwater system near the source
i .-

areas in the short term (several years) . The data from the TW40 how-

ever, indicates that the old hydro-clarifier source effluents may not

have been oversatured with respect to cadmium carbonate. It is thus

n considered unlikely that cadmium carbonate precipitated in the vadose

zone or Upper Basalt Zone aquifer downgradient from the old hydro-

p clarifier. As a result, the natural flushing out of cadmium solutes in

' this area may occur in the future since the cadmium source has been

(• removed. The rate of which cadmium concentrations could decrease with

l; time cannot be determined based on the available data.

y

c

n
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7.0 SUMMARY

A hydrogeological investigation has been carried out at the Soda

Springs facility of the Monsanto Industrial Chemical Company. The pur-

pose of the investigation was to assess if past or current operations

had impacted surface or subsurface water quality. The following sum-

marizes the work program, the results and conclusions of the investi-

gation.

7.1 Work Program

Four phases of work were carried out:

A Literature Survey - to develop a geological, hydrogeologi-

cal and hydrogeochemical data base for
the plant site and local area prior to

undertaking detailed investigations.

Preliminary Field Studies - to expand the data base for the plant

site area. The work consisted of geo-

logical reconnaissance, pump testing of
the existing seven test wells and three

plant production wells, geophysical

logging of the existing test wells and

water level monitoring of existing test
wells and plant production wells.

Installation of New Wells - 31, 4 inch diameter test wells were

installed to refine the understanding
of the hydrogeological conditions un-
derlying the plant site.

Additional Field Studies - these consisted of; geophysical logging

of the new test wells, pump testing
and/or airlift testing on the new test
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wells, water quality sampling of the new

and existing test wells, plant produc-
tion wells, off site wells, springs and
effluent and water level measurements in

all the test wells.

7.2 Results of Investigation

7.2.1 Geology

o The plant site is located overlying silty clays which inturn
overlie Pleistocene basalts of the Blackfoot Lava Field. The

i basalts are interbedded with cinder zones, silts, sands and
gravels. The basalts lie uncomformably over sandstones and
conglomerates of the Salt Lake Formation. A hinge fault

1 crosses the plant site striking northwest - southeast. The
^ fault exhibits west side down relative displacement of between

20 to 80 ft. Subsidiary subparallel faulting may also be
present west of the hinge fault.

7.2.2 Drilling and Well Completion

o Borehole instability, associated with the unconsolidated sedi-

mentary basalt interbeds, was a frequent problem during the
drilling program. The telescoping technique was found to be
the most suitable method of controlling unstable zones.

<•-* o Most groundwater was produced from cinder or weathered zones

no more than 50 ft below the water table.
f3
?•:
O o During drilling, measurements of groundwater fluoride concen-

trations and specific conductance were useful in distinguish-
f 1jl ing different groundwater types.

Of the 31 test wells completed, three test wells (TW24, TW25
and TW32) appear to be affected by grout invasion. All other
test wells were succcessfully completed.
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7.2.3 Geophysics

o The natural gamma log, (run in open hole) was found to be the
most useful log for determining l i thostrat igraphic correla-
tions-in the basalt sequence. The resistivity log, when used
in conjunction with lithology, provided an indication of
basalt interbed zones.

7.2.4 Hydraulics

o Pump testing of the existing test wells indicates a range in
transmissivity from 0.5 to 9200 ft3/day/ft for the screened zo-
nes. Generally, these values indicate that the existing test
wells range in their ability to produce water from very poor
to good. The data from TW3 and TW4 indicate that these test
wells are in direct hydraulic communication. Data from TW5
and TW6 appears to indicate that these test wells may be in
direct hydraulic communication but the data is inconclusive.

* •• o Pump testing of the new test wells TW9 and TW10 indicates
transmissivities of 7 ft3/day/ft and 2450 ft3/day/ft. The ve-

j rtical hydraulic conductivity of the basalt is considered
*'* greater than 4.7 x 10~̂  ft^/day/ft. This generally indicates

a relatively slow rate of water movement vertically between
different water producing zones. Regional pump testing in the
southern plant site area indicates that the basalt sequence is
either anisotropic (a spatial change in aquifer parameters) or

that hydraulic barriers exist (faults or a pinching out of the
aquifer).

o The plant production well testing indicates that the hydraulic
conductivity of the basalt interbed zones could range from

2.2 x 102 to 2.5 x 104 ft2/day/ft. These are very high values
and indicate that the plant production wells are able to pro-
duce large amounts of water. The storativity of the system
ranges between 3.1 to 5.4 x 10~̂ . This indicates that the sys-
tem is rigid and does not compress when water is removed.

7.2.5 Hydrochemistry

The water quality analysis show that a number of wells and
springs have concentrations of fluoride, cadmium and selenium
in excess of the EPA recommended drinking water standards.
Some wells and springs also record sulfate and chloride con-
centrations above the recommended levels. Concentrations of

vanadium are also present in some ground waters.
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o The QA/QC program indicates that sulfate analyses are valid
but not exact, while the arsenic analyses may not be valid at
low concentrations. With the exception of cadmium and sele-
nium concentrations, which may be inaccurate at low concen-

, tratlons, the accuracy and precision of the other parameters
analysed-is acceptable.

o Two ground water types, soda water and fresh water are rec-
ognized. In general, only the fresh water contains elevated
concentrations of f luoride, cadmium, s e l en ium, s u l f a t e ,
chloride and vanadium.

7.2.6 Water Level Monitoring

o Earth tide induced responses were observed in test wells com-
pleted greater than 100 ft below the water table. A storati-
vity of 5 x 10"-' was calculated for the hydrogeological system
based on those responses. This is similar to that calculated
from the testing of the plant production wells and is indica-
tive of a rigid hydrogeological system.

\
o In general, there is a negligable difference in the potent iq-

metric elevation between the upper two test wells at a parti-
cular well nest site completed within the Upper Basalt Zone.
There is a measureable ver t ica l c o m p o n e n t of h y d r a u l i c
gradient between the Upper and Lower Basa l t Z o n e s . The
vertical component is general ly upwards along the southern
plant site boundary and downwards in the central plant site
area.

7.3. Hydrogeological Model
7.3.1 Hydrostratigraphy

o Four hydrostratigraphic zones have been identified: a shallow
Surficial Deposit Zone; an Upper Basalt Zone; a Lower Basalt
Zone; and the Salt Lake Zone. Each zone is characterized by a
combination of geology, hydrogeology and geochemistry. There
is limited data from both the Surficial Deposit Zone and the
Salt Lake Zone.
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7.3.2 Ground Water Flow Directions

o Ground water flow in the Upper Basalt Zone is influenced by

faulting and/or regional hydrogeological conditions and pump-

ing of the plant production wells. Both the hinge fault and
the postulated subsidiary fault which strike northwest- south-

east, appear to act as "barriers" to ground water flow. The
presence of a regional ground water discharge area south west

of the plant site appears to have a similar effect as a "bar-

rier" boundary. The ground water flow direction is generally
to the south or southeast parallelling the geological struc-

ture. Estimated ground water flow rates range from about 20
to 2000 ft/day in this zone. The pumping of the plant produc-

tion wells creates a cone of depression in the central plant
site area intercepting ground water flowing from the north,

northeast and east of the plant site. The Upper Basalt Zone

is recharged by precipitation, underflow from the north and
east and leakage from the underlying Basalt Zone over the

| southern and northern parts of the plant site. Discharge from

the Upper Basalt Zone is by pumping of the plant production
i wells and also southwards via underflow. Plant production

well pumping also appears to have induced downward leakage
*-' from the Upper Basalt Zone into the Lower Basalt Zone over the

central portions of the plant site. This ground water may
[ .; then be drawn towards the pumping wells in the Lower Basalt

^ Zone and discharged from the system.

| o Ground water flow in the Lower Basalt Zone is also influenced

* ' by faulting and/or a regional ground water discharge zone and
the pumping of the plant production wells. The faults and

0 -
discharge zone act as "barriers" to ground water flow. The
ground water flow direction is similar to that of the Upper

Basalt Zone; southeastwards over much of the southern plantt--"t.
site area and southwestwards over the northeast plant site

quadrant. Estimated ground water flow rates in this zone
range from 0.6 to 30 ft/day-an order of magnitude less than in

the Upper Basalt Zone. The Lower Basalt Zone is recharged by
leakage from the underlying Salt Lake Zone or deeper lying

basalts and by leakage from the overlying Upper Basalt Zone in

the central plant site area. The pumping of the plant
production wells appears to be responsible for the downward

leakage from the Upper Basalt Zone to the Lower Basalt Zone in
the central plant site area. It appears that the leakage from

the Upper Basalt Zone may eventually flow towards the plant
production wells in the Lower Basalt Zone and be discharged

from the system. The Lower Basalt Zone also discharges south-
*«
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n

wards via underflow and upwards to the Upper Basalt Zone over
the southern portions of the plant site.

7.3.3 Ground Water Quality

o Ground water from the Upper Basalt Zone is fresh to slighlty
brackish except in the southwest plant site corner, west of
the subsidiary fault or ground water discharge area, where the
water is sodic. The fresh to slightly brackish water contains
concentrations of fluoride, cadmium, selenium, sulfate, chlor-
ide and vanadium above background levels in certain areas of
the plant site. The sodic ground waters of the Upper Basalt
Zone generally do not contain concentrations of the above ions
in excess of background concentrations. Ground water from the
Lower Basalt is fresh in the south east and eastern areas of
the plant site, soda in the southwest and northwest plant site
areas and slightly brackish to sodic in the west central plant
site area. The Lower Basalt Zone ground waters in the west
central plant site area contain above background concentra-

<-•• tions of chloride and sulfate and questionable levels for
fluoride, cadmium and selenium (may be due to poor test well

i completion). Lower Basalt Zone ground waters from the south-
* »» east plant site corner also contain chloride and sulfate

levels in excess of background concentrations. The sodic
!j Lower Basalt Zone ground waters from the southwest and north—
L' west plant site corners and the fresh ground waters from the

eastern plant site do not contain concentrations of either
^ . fluoride, cadmium, selenium, chloride or sulfate in excess of

o
background concentrations.

7.4 Water Quality Impacts
7.4.1 Upper Basalt Zone

Within the Upper Basalt Zone flow system that is bounded to
the east by the hinge fault and to the west by the subsidiary
fau l t or ground water discharge zone, a plume containing
fluoride, cadmium, selenium, sulfate chloride and vanadium
ions is present. The fluoride plume, with concentrations in
excess of 5 mg/1 extends south southeastwards from the old
underflow solids ponds over a width of about 1500 ft to at
least Calf and Mormon Springs. The cadmium, chloride and
vanadium plumes appear to be restricted to the plant site area
while the selenium and sulfate plumes appear to extend south
of the southern plant site boundary.

To the northeast of the hinge fault f luoride, cadmium, sele-
nium, chloride, sulfate and vanadium plumes are present. The
plumes originate in the area of the northwest pond and old
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hydro-clarifier. The fluoride, cadmium, selenium, chloride
and sulfate plumes extend southeastwards to the plant produc-
tion wells. The vanadium plume is only present immediately
southeast of the northwest pond and old hydro-clarifier. None
of the above ions are present immediately southeast of the
plant production wells. It appears that the plant production
wells create a local cone of depression intercepting the
southeasterly migration of these ion plumes.

A chloride, sulfate and vanadium plume is also present in the
southeast plant site area. The plume appears to originate
from an area to the east of the Monsanto plant site. The
plume is bounded to the west by the hinge fault which appears
to direct the plume in a southerly direction.

The Upper Basalt Zone ground waters in the southwest plant
site area contain slightly elevated concentrations of fluoride
and chloride. These ground waters could be affected by the
mixing of ion enriched ground waters from the area east of the
subsidiary fault/discharge area or be affected by leakage from
the effluent pond or effluent ditch. Overall, it appears that
the subsidiary fault or ground water discharge zone restricts
the ion plumes from the area of the old underflow solids ponds
to a relatively narrow zone in the west to south central plant
site area.

7.4.2 Lower Basalt Zone

e
o Chloride and sulfate plumes and possibly fluoride, cadmium and

selenium plumes extend southeastwards from the old underflow
solids pond area. The plumes are not as extensive as those in
the Upper Basalt zone and do not extend south of the southern
plant site boundary. The plumes lie immediately beneath the
area of the Upper Basalt Zone where high concentrations of the

(Lii above ions are observed. It is believed that either the
downward component of hydraulic gradient or faulty completion
of TW5 may be responsible for the ion plumes in the Lower
Basalt Zone.

o A chloride and sulfate plume may also be present in the south-
east plant site corner. There is however data available from
only one test well (TW11) and thus the extent of this plume is
unknown. The plume may be associated with the chloride, sul-
fate and vanadium plume identified in the Upper Basalt Zone in
this area.
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7.4.3 Statistical Analyses

o The student "T" test results generally confirmed the source
areas identif ied by the examination of the ion i sop le th
distributions. The old underflow solids pond and northwest
pond locally impact ground water quality in the Upper Basalt
Zone with increased concentrations of f luoride, cadmium,
selenium, chloride, sulfate and vanadium. The old hydro-
clarifier was a source of f luoride, cadmium, chloride and
sulfate also impacting the Upper Basalt Zone ground waters.
The ground water quality in the Lower Basalt Zone appears to
be impacted by the old under f low solids pond or leakage
associated with poor well completion at TW5.

7.4.4 Solute Mobility Fate

o Solute concentration ratios indicate that chloride, sulfate
and fluoride are migrating along the flow path with similar

' mobilities. Cadmium and selenium are less mobile in the
I.., ground water system.

\ o Saturation indices indicate that the ground water in the Upper
1. Basalt Zone is oversaturated with respect to fluorite down-

gradient of the old underflow solids ponds. Fluorite equili-
brium appears to be reached by the southern plant site bound-
ary. The Upper Basalt Zone ground waters are also oversatura-
ted with respect to fluorite immediately downgradient of the
northwest pond and old hydro-clarifier. The ground waters of
the Lower Basalt Zone are oversaturated with respect to
fluorite at TW5. It is Inferred that the source effluents are
oversaturated with respect to fluorite leading to the precipi-
tate of fluorite in the vadose zone and in the aquifer down-
gradient of the source areas. Fluoride could thus be redis-
solved by percolating water or fluctuating ground water levels
or throughflow of ground water undersaturated with respect to
fluorite and remain in the ground water system in the short-
term (months to several years) even if the sources are re-
moved .

o Cadmium carbonate is undersaturated in all of the local ground
waters. The Upper Basalt Zone ground waters immediately down-
gradient of the old underflow solids ponds and northeast pond

L:
c
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are close to saturation with respect to cadmium carbonate ind-

icating that the source effluents may be oversaturated with
respect to cadmium carbonate. The potential exists for the

precipitation of cadmium carbonate in the vadose zone under-

lying xthese source areas. This cadmium precipitate could pot-

entially be re-dissolved and remain in the local ground water
system in the short-term (several years) . The Upper Basalt

Zone ground waters immediately downgradient of the old hydro-

clarifier are undersaturated with respect to cadmium carbon-
ate. It appears that the cadmium source effluents from the
old hydro-clarifier were undersaturated. Therefore, since the

source has recently been removed, natural flushing out of cad-
mium solutes may occur in the future. The rate at which cad-

mium concentrations could decrease with time cannot be deter-

mined based on the available data.

We trust this report is sufficient for your present needs. If you

have any questions, please do not hesitate to contact us.

Yours very truly,

«-- COLDER ASSOCIATES

[ . • M
D. Banton,

Hydrogeologist

D.J. Morell,

Senior Hydrochemist

A.S. Burgess,
Principal

DB/DJM/ASB/jh
842-1543
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GLOSSARY OF TERMS AND EXTRACT FROM
"GROUND WATER RESOURCE EVALUATION" BY W.C. WALTON

n

n
0

L

0

Accuracy

Aeration

Aliquot

Alluvium

Anisotropy

Annulus

Aquifer

Aquitard

Basalt

Bedding

Bentonite

Calcareous

Carboniferous

Cinders

Clasts

Colluvium

Conglomerate

tea

- refers to the agreement between the amount of a
component measured by the test method and the amount
actually present.

- the process of being supplied or impregnated with air.

- a fractional part of a sample volume.

- detrital deposits resulting from rivers, creeks and
streams.

- condition having different properties in different di-
rections .

- space between borehole casing or piezometer pipe and
the borehole wall.

- stratum or zone beneath the surface of the earth cap-
able of producing water.

- stratum or zone beneath the surface of the earth with
low permeability to the flow of water.

- an extrusive igneous rock composed primarily of dark-
colored, fine grained basic minerals. Generally forms
lava flows and often exhibits columnar jointing.

- collective term for planes dividing rocks of the same
or different lithology.

- clay mineral formed from alteration of volcanic ash.

- containing calcium carbonate.

- geologic time period between 345 and 280 million years
ago.

- primarily uncemented, glassy and vesicular volcanic
ejecta.

- individual constituents of detrital sediment produced
by physical disintegration of a larger mass.

- loose erosional deposition at the base of a slope or
cliff, transported chiefly by gravity.

- rounded water-worn fragments of rock or pebbles cement-
ed together by another mineral substance.
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0

I

c

1

Effective
Porosity

En-echelon

Flocele

Foam

Geolograph

Gouge

Graben

Hinge Fault

Horst

Hydraulic
Conductivity

Hydraulic
Gradient

Hydraulic Head

Hydrograph

Indurated

Limestone

- the porosity of the rock through which is interconnect-
ed and through which flow can take place.

- parallel structural features that are offset like the
edges of shingles on a roof when viewed from the side.

- fine plastic chips mixed with grout used to reduce cir-
culation loss during drilling.

- biodegradable product used to lift drill cutting from
drill bit to the ground surface.

- instrument used to record rate of drilling penetration.

- finely abraided material occurring between the walls of
a fault, the result of grinding movement.

- a downthrown block between two parallel faults.

- fault where displacement across fault decreases towards
pivot point.

- an upthrown block between two parallel faults.

- is a measure of the ease of movement of ground water
through a cross-sectional area of 1 square foot of the
aquifer under a hydraulic gradient of 1. In an anal-
gous electrical network, resistors are inversely pro-
portional to the hydraulic conductivity. Sands and
gravels typically have a hydraulic conductivity on the
order of 300 ft^/day/ft while clays have a hydraulic
conductivity on the order of .003 ft^/day/ft.

- rate of change of hydraulic head with distance. Anal-
gous to the potential drop across part of an electrical
circuit.

V

- height of a measured water column above an established
datum. Analgous to electrical potential.

- graphical representation of variations in water levels
in with time.

- rendered hard by geological processes including heat,
pressure and cementation.

- a bedded sedimentary deposit consisting chiefly of cal-
cium carbonate.
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r

Tl

i

L

li

Lineaments

Lithology

Matrix

Meteoric

Normal Fault

Permian

Pleistocene

Porosity

Porphyritic

Precision

Quality
Assurance

Quality
Control

Quaternary

Rhyolite

Rugosity

Sandstone

Scarp

Scoriaceous

- a conspicuous linear feature on the surface of the
earth related to underlying geologic structure.

- physical character of a rock.

"-. fine grained material in which other coarser grains are
contained.

- originating from atmospheric weather.

- a fault at which the hangingwall has been depressed re-
lative to the footwall.

- geologic time periods between 280 and 225 million years
ago.

- a division of Quaternary geologic time during which
time continental glaciation occurred.

- the ratio of the aggregate volume of interstices in a
rock or soil to its total volume.

- a textural term for igneous rocks in which larger crys-
tals are set in a finer ground mass.

- is the degree of agreement of repeated measurements,
usually expressed in terms of the scatter of test
results about the mean of all the determinations.

- assuring the reliability of monitoring and measurement
data.

- procedure for obtaining prescribed standards of perfor-
mance in monitoring and measurement processes.

- the geologic time period between the present and 2 mil-
lion years ago.

- a fine grained to glassy acidic volcanic rock mineral-
ogically similar to granite. It is viscous and does not
form extensive flows around volcanic vents.

- roughness and irregularity of borehole walls.

- a cemented or otherwise compacted detrital sediment
composed predominantly of quartz grains.

- a cliff or steep slope of some extent along the margin
of a plateau.

- "frothy" appearance in rock containing abundant ves-
icles.
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Slickensides - polished and striated surfaces that result from fric-
tion along a fault plane.

sample with known quantities of particular ions added,

sample divided into two parts for analysis.

graphical representation of ion balance and concentra-
tions in a ground water sample.

volume of water that an aquifer releases from storage
per unit surface area of the aquifer per unit decline
in the component of hydraulic head normal to that sur-
face. In an electrical network, capacitors store elec-
trostatic energy in a manner analgous to the storage of
water in an aquifer.

Stratigraphy - the study of stratified rocks, their character, correl-
ation and sequence in tiem.

Spike Sample

Split Sample

Stiff Diagram

Storativity

r

f

r

Strike

Tertiary

Thrust Fault

the direction or bearing of a horizontal line in the
plane of an inclined stratum, joint, fault or other
structural feature.

geologic time period between 65 million years ago and
the present.

a reverse fault that is characterized by a low angle of
inclination with reference to a horizontal plane.

Transraissivity - indicates the capacity of an aquifer to transmit water
through its entire thickness and is equal to the hy-
draulic conductivity multiplied by the saturated thick-
ness of the aquifer, in feet. Transmissivity is de-
fined as the rate of flow of water, through a vertical
strip of the aquifer 1 foot wide and extending the full
saturated thickness under a hydraulic gradient of 1
foot per foot. In an electrical network, transmissi-
vity is analgous to the reciprocal of electrical re-
sistance (1/R).

Travertine - a calcium carbonate of light color, usually concretion-
ary and compact, deposited from solution in ground and
surface water.

Tremie

Tuff

continuous extrusion of grout from a pipe as the pipe
is withdrawn gradually from the hole.

a solidified volcanic ash composed of crystals and
fragments of various sizes.
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Unconformity - an interruption in the deposition of sediments, or an
erosional surface separating younger strata from older
rocks.

Vesicular

Zeolites

rock texture with small spherical and ellipsoidal cavi-
ties produced by gas bubbles during lava solidification.

a group of hydrous aluminosilicate minerals character-
ized by their ease of ion exchange.
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CHAPTER 2

GROUNDWATER MOVEMENT, STORAGE,
EXPLORATION, AND DATA

f-I
j : Most rocks contain numerous open spaces, called interstices, in which water may
i J be stored and through which water can move. Water that exists in the interstices of

rocks is called subsurface water (Meinzer, 1959); that part of subsurface water in

e interstices completely saturated with water is called ground-water. Subsurface water
in interstices above the zone of saturation in the zone of aeration where interstices
are only partially saturated with water is called vadose water. The zone of aeration
is subdivided into the soil water zone, the intermediate zone, and the capillary zone.

O The soil water zone consists of soil and other materials near the surface which dis-
charge water into the atmosphere by evapotranspiration. The capillary zone extends
immediately above the zone of saturation to the limit of capillary rise of water. The

.-T. . intermediate zone lies between the soil water and capillary zones (capillary fringe).
•. This book is primarily concerned with groundwater.
* - An aquifer is a saturated bed, formation, or group of formations which yields water

in sufficient quantity to be of consequence as a source of supply. An aquitard is a
> * saturated bed, formation, or group of formations which yields inappreciable
^ quantities of water to drains, wells, springs, and seeps compared to an aquifer but

through which appreciable leakage of water is possible. An aquiclude is a saturated
bed,'formation, or group of formations which yields inappreciable quantities of water

\ \ to drains, wells, springs, and seeps and through which there is inappreciable move-
CJ ment of water. A formation may be classified as an aquifer in one area but only as

an aquitard or aquiclude in a different area depending upon the availability of
groundwater. An aquifer serves as a transmission conduit and storage reservoir.
It transports water from recharge areas to surface bodies of water, wetlands, springs,
areas of evapotranspiration and wells and other water-collecting devices. As a
storage reservoir, an aquifer provides reserve water for use during periods when with-

| . drawals exceed recharge. The quantities of water available in storage in some pro-
j ductive aquifers are so great that in places large withdrawals over a period of years fail

to produce marked evidence of depletion.
.,, An unconfined aquifer is one in which groundwater possesses a free surface open to
£ the atmosphere. The upper surface of the zone of saturation is called the water
j
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table. Changes in the stage of the water table correspond to changes in the thickness
of the zone of saturation; when the water table declines, gravity drainage of interstices
occurs. In most places there is only one water table, but in some localities because
of the presence of aquitards or aquicludes there may be perched aquifers with addi-
tional water tables.

An artesian aquifer is one in which groundwater is confined under pressure by
overlying and underlying aquitards or aquicludes and water levels in wells rise above
the top of the aquifer. Artesian aquifers are classified as leaky or nonleaky depend-
ing upon whether groundwater in the aquifer is confined by aquitards or aquicludes.
Water levels in wells tapping artesian aquifers sometimes rise above the surface to
cause wells to flow. Rises and falls of the water levels in wells tapping artesian
aquifers correspond to changes in the pressure of the water. The imaginary surface
to which water rises in wells tapping artesian aquifers is called the piezometric surface.
When water is released from storage by the compaction of the aquifer and its associated
beds and by expansion of the water itself, while the interstices remain saturated, the
piezometric surface is lowered. An artesian aquifer becomes an unconfined aquifer
when the piezometric surface declines below the top of the aquifer. The piezometric
surface may rise to stages above or below water tables depending upon whether the
vertical movement of water is from or into the aquifer. Examples of unconfined
and artesian aquifers are shown in Fig. 2.1.
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Fig. 2.1 Diagrammatic examples of unconfined aquifer (a), nonleaky artesian aquifer (b), leaky
artesian aquifer with downward leakage (c), and leaky artesian aquifer with upward leakage (</).
{Drawn by W. C. Walton.)
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* - 2.1 Interstice*

z-j Differences in the number, size, shape, interconnection, and arrangement of the
I f interstices of aquifers, aquitards, and aquicludes result from the great diversity of

• '-' geologic processes by which rocks were produced and later modified. Most inter-
stices are small and interconnected, some are cavernous in size, and others are small

r. ' and largely isolated so that there is little opportunity for movement of water from one
j : interstice to another. The nature of interstices is determined by the geologic frame-

work of rocks, and an orderly description of the geology and geologic history of an
area is essential for an understanding of the movement and storage of ground-

l j water.
(-J The interstices of rocks may be divided into two groups, original and secondary

(Meinzer, 1959). Original interstices came into existence when the rocks were formed
and can be subdivided into those of sedimentary origin and those of igneous origin.
Secondary interstices are the result of processes by which rocks were modified after
coming into existence and largely comprise joints and other fracture and solution
openings. Original interstices consist of the spaces between adjacent fragments of
sedimentary rock and small cavities or inclusions, within crystals and small inter-
crystal spaces developed in igneous rocks during their congealing. Most con-
solidated rocks are broken by joints cutting the rocks in various directions and
extending to varying distances and depths. These secondary interstices, produced
chiefly by shrinkage, pressure, and deformation of rocks, commonly vary in number
and size. Joints often intersect one another, frequently have no regularity of spacing,
and tend to become tighter and spaced farther apart with depth. Secondary inter-
stices are also produced by the chemical decomposition of rocks and the solution
and subsequent removal of the soluble products, or by the solution and removal of
soluble rocks. The removal of the calcareous cement from the original interstices of
a sandstone or the removal of soluble material such as limestone results in abundant
secondary openings in many areas. In some consolidated sedimentary rocks, the
original interstitial spaces are likely to decrease with depth; most deep wells have
encountered few interstices below a depth of a mile. In many igneous rocks, most
interstices are found within a few hundred feet of the surface. Several types of
interstices are shown in Fig. 2.2.

The shape of interstices and the degree of their interconnection are extremely com-
plex. In order to lay the foundation for a mental picture of interstitial space, the
interstitial fabric of the simple geometry of aggregates of well-rounded fragments of
rock of the same diameter will be described. No rocks consist exclusively of spheres
of one size, but some well-sorted sand deposits probably develop interstitial patterns
similar to those developed by packing of perfect spheres. The theoretical treatment
of such aggregates is worthwhile if the profound modifications of interstices caused
by irregularity in shape and degree of assortment of grains of rocks are kept in
mind.
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(c )

Fig. 2.2 Several types of interstices and the relation of rock texture to porosity, (a) Well-sorted
sedimentary deposit having high porosity; (b) poorly sorted sedimentary deposit having low porosity;
(c) well-sorted sedimentary deposits consisting of fragments of rock that are themselves porous, so
that the deposit has a very high porosity; (d) well-sorted sedimentary deposit whose porosity has been
diminished by the deposition of mineral matter in interstices; (f)rock rendered porous by solution;
and (f) rock rendered porous by fracturing. (From Meinzer, I9S9.)

It has been shown by Graton and Fraser (1935) that the least compact arrangement
of spheres is that of a cubical array of spheres and the most compact arrangement is
that of a rhombohedral array. The porosity of the cubical array is 47.6 percent and
the porosity of the rhombohedral array is 26.0 percent. Figure 2.3 shows the packing
of spheres in the two arrays and the resulting interstitial volumes.

The most stable array of spheres is rhombohedral. It might be expected that under
moderate agitation spheres would assume the most stable array and hence the
assemblage of least porosity. However, under natural conditions the required
perfection in packing is confined to a limited number of grains, and beyond this point
random packing results. In natural assemblages agitated to induce compact packing,
groups of spheres packed in orderly arrays are separated by boundaries in which ran-
dom packing occurs and where the porosity is even higher than that for cubic packing.
These zones are maintained because of the bridging of groups of particles under
pressures less than the crushing strength of the particles.

(o) (b)

Fig. 2.3 Packing of spheres and interstitial volumes, (a) Least compact arrangement; (b) most
compact arrangement. (Drawn by W. C. Walton.)
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2.2 Porosity

r~. The porosity of a rock is a measure of the interstitial space of the rock and is
j I expressed quantitatively as the percentage of the total volume of rock occupied by

interstices (Meinzer, 1959). Figure 2.2 shows several types of interstices and their
relation to rock texture. Representative porosity ranges for selected rocks are given

f ' in Table 2.1. In general, a porosity greater than 20 percent is considered large, a

0
TABLE 2.1 REPRESENTATIVE POROSITY
RANGES FOR SELECTED ROCKS

Porosity,
Rocks %

P Clay 45-55
: I Sand 35-40
*-> Gravel 30-40

Sand and gravel 20-35
f i . Sandstone 10-20
] Shale I-10
' .a Limestone 1-10

n

porosity between 5 and 20 percent is considered medium, and a porosity less than 5
^; percent is considered small. The highest porosity known is 80 to 95 percent, which has

been reported for freshly deposited alluvium of the Mississippi delta.
f~» The porosity of a sedimentary deposit depends chiefly on the shape and arrangement
! .; of its constituent particles, the degree of assortment of its particles, the cementation

and compacting to which it has been subjected since its deposition, the removal of
mineral matter through solution by percolating waters, and the fracturing of the rock,

[ ' resulting in joints and other interstices. In well-sorted and well-rounded deposits,
i_. the size of grains has no influence on porosity; thus, a deposit of boulders may have

the same porosity as a deposit of clay. The porosity of many deposits is increased
by the irregular angular shapes of its constituent grains. Porosity decreases with in-
creases in the variety of size of grains; small grains fill interstices between large
grains. Meinzer (1959) outlined several methods for determining porosity.

\ '{ 23 Specific Yield

(J
Not all the water in the interstices of a saturated rock can be withdrawn through

f , wells, drains, springs, or seeps. A part of the water is retained in interstices largely
':' by the forces of molecular attraction, adhesion, and cohesion. The attraction between
%> the walls of interstices and the adjacent molecules of water is called adhesion; the

attraction between adjacent molecules of water is called cohesion. The walls of inter-
gj stices retain a film of water by adhesion and some water is retained in detached
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Fig. 2.4 Diagrammatic representation of coefficient or storage, (a) Artesian condition; (b) water-
table condition. (After Ferris el al., 1962.)

interstices. The amount of water retained varies directly as the aggregate surface
of the interstices and indirectly as the size of the interstices; thus retention is greatest
in rocks having small interstices. The amount of water retained in interstices also
depends on the time of drainage; on the temperature and mineral composition of
groundwater which affect its surface tension, viscosity, and specific gravity; and on
various' physical relations of the rock.

The specific yield of a rock is a measure of the water-yielding capacity of the rock
and is expressed quantitatively as the percentage of the total volume of rock occupied
by the ultimate volume of water released from or added to storage in a water-table
aquifer per unit (horizontal) area of aquifer and per unit decline or rise of the water
table (see Fig. 2.46). The specific retention of a rock is a measure of the water-
retaining capacity of the rock and is expressed quantitatively as the percentage of the
total volume of rock occupied by groundwater that will be retained in interstices
against the force of gravity. Representative specific-yield ranges for selected rocks

C

TABLE 2.2 REPRESENTATIVE SPECIFIC YIELD
RANGES FOR SELECTED ROCKS

Rocks
Specific yield.

Clay
Sand
Gravel
Sand and gravel
Sandstone
Shale
Limestone

1-10
10-30
15-30
15-25
5-15

0.5-5
0.5-5

- 0 1 - • /
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are given in Table 2.2. The porosity of a saturated rock is equal to the sum of specific
yield and the specific retention. Meinzer (1959) outlined several methods for deter-

^ _^ mining specific yield.
• For most rocks, gravity drainage of interstices is riot instantaneous and the water-
. . yielding capacity increases at a diminishing rate as'the time of drainage increases,

gradually approaching the specific yield. Gravity yield has been defined as the per-
centage of the total volume of rock occupied by groundwater that will drain under
the action of gravity during a given period of drainage (see Rasmussen and Andreasen,
1959).

f :
} { 2.4 Coefficients of Storage, Permeability, and
«--* Transmissibility

r-. The coefficient of storage S of an aquifer has been defined as the volume of water
the aquifer releases from or takes into storage per unit surface area of the aquifer per

£ :-~- unit decline or rise of head. In Fig. 2.4, the volume of water released from storage in
the aquifer prism divided by the product of the prism's cross-sectional area and the

•' " change in head results in a dimensionless number which is the coefficient of
storage. Under water-table conditions, the coefficient of storage is equal to the specific
yield, provided gravity drainage is complete. The coefficient of storage of water-
table aquifers ranges from about 0.02 to 0.30. Although rigid limits cannot be

_ established, the storage coefficients of artesian aquifers may range from about 0.00001
• , . to 0.001.

Permeability is a measure of the ease of movement of groundwater through aquifers
and aquitards. The field coefficient of permeability of an aquifer, P, has been defined
as the rate of flow of water, in gallons per day, through a cross-sectional area of 1
square foot of the aquifer (see opening A, Fig. 2.5) under a hydraulic gradient of 1*
foot per foot at the prevailing temperature of the water. A related term, the coeffi-

% ' cient of transmissibility T, indicates the capacity of an aquifer to transmit water
L,, through its entire thickness and is equal to the coefficient of permeability multiplied by

the saturated thickness of the aquifer, m, in feet. The coefficient of transmissibility is

R defined as the rate of flow of water, in gallons per day (gpd), through a vertical strip
of the aquifer (see opening B, Fig. 2.5) 1 foot wide and extending the full saturated

^ thickness under a hydraulic gradient of 1 foot per foot at the prevailing temperature
gl of the water. The rate of vertical leakage of groundwater through an aquitard is

p dependent upon the permeability of the aquitard. The aquitard field coefficient of
|J permeability P' is defined as the rate of vertical flow of water, in gpd, through a

horizontal cross-sectional area of 1 square foot of the aquitard (see opening C, Fig.
2.5) under a vertical hydraulic gradient of 1 foot per foot at the prevailing temperature
of the water. Some authors use the terms hydraulic conductivity (K = ky/fj),
permeability (k), transmissivity (T = KD), and storativity (£)•

Laboratory coefficients of permeability PL and P'L may be computed by adjusting
the field coefficients to equivalent values for the standard temperature of 60°F. The
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relation between field and laboratory coefficients may be expressed as

PotP'
(2.1)

where n is the dynamic viscosity of water at the field temperature and fito is the vis-
cosity of water at 60°F. Laboratory coefficients should be used to compare the perme-
abilities of aquifers and aquitards at different locations because field coefficients may
vary from place to place due to variations in temperature. Representative perme-
ability ranges for selected rocks are given in Table 2.3.

TABLE 2.3 REPRESENTATIVE PERMEABILITY
RANGES FOR SELECTED ROCKS

Rocks
Permeability,

gpdlsqft

Clay, silt
Sand
Gravel
Sand and gravel
Sandstone
Shale

0.001-2
100-3,000

1,000-15,000
200-5,000
0.1-50

0.00001-0.1

2.5 Water-yielding Properties, Stratigraphy, and
Structure of Rocks

The rocks of the earth may be divided into two large classes: (1) the consolidated
rocks, or bedrocks, and (2) the unconsolidated materials. With respect to their
origin, the rocks can be divided into three classes (Meinzer, 1959): (1) igneous rocks,
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which arc produced by the cooling and solidification of molten materials; (2) sedi-
mentary rocks, which are produced by thedeposition of materials weathered from older

—; rocks, derived from the remains of animals and plants, or precipitated out of solution
: in water; and (3) metamorphic rocks, which are produced by the profound alteration

of other rocks, chiefly through the agencies of heat and pressure.
Unconsolidated deposits of sand and gravel are the most important aquifers;

probably more than 90 percent of all groundwater pumped in the conterminous
. , United States comes from sand and gravel. The types of occurrence of these aquifers

may be grouped as: watercourses, abandoned or buried valleys, plains and inter-
( /-x montane valleys (Thomas, 1952). Watercourses consist of a stream channel together
11 with the groundwater in alluvium that underlies the channel and forms the bordering
" flood plains. Wells in watercourses are readily recharged by infiltration of water in

the stream channel. In recent years, groundwater supplies recharged by induced
n infiltration of surface water have been extensively developed. Whc're the alluvium
I •• has a high permeability, watercourses offer excellent opportunities for large ground-

water supplies, whereas at places where the alluvium is predominantly of fine texture,
watercourses will yield only meager supplies. The distribution of clay, silt, sand, and

II gravel within river valleys is exceedingly complex in detail. The relative thickness.
L) of the coarse and fine units depends on the type of sediments carried by the river and

on the geologic history of the river at the point of interest. Moderate well yields of
,-̂ > 10 to 50 gallons per minute (gpm) can be obtained from almost all watercourse

deposits. Much larger yields of 100 to 2,000 gpm are also common where the perme-
able zones total at least 10 feet and the saturated zone in the alluvium is at least 40
feet thick.

H Abandoned or buried valleys are no longer occupied by the stream that formed them.
(j Some buried-valley deposits have thicknesses and areal extent much greater than

existing stream valleys; other valley deposits are buried and do not form a part of the
,. present drainage system. Although the permeability of materials in abandoned or
.' buried valleys is as high as that in watercourses, the recharge is generally much less
k* than recharge to watercourse deposits. Many valleys were buried or abandoned dur-

ing the Pleistocene ice age. Buried and abandoned valleys are numerous in glaciated
f? areas and in valleys of streams that drained ice sheets.
?J Great Plains flank highlands or mountains that were the source of the sediments.

Stream-deposited sand and gravel occur beneath the plains in broad belts. Sand and
gravel underlie parts of Coastal Plains where formations are partly marine and partly

\'} fluviatile in origin. Aquifers of these plains are recharged directly from precipitation
Li and from streams. Many stratigraphic units along Coastal Plains grade oceanward

from partly alluvial deposits into entirely marine units. This gradation is accompanied
fTj by a tendency for the sediments to become progressively finer grained. The bulk of
'i£. the sediments are clays and silts. Coastal Plains vary in size from small isolated

valley deposits that grade inland into normal stream deposits to vast, almost feature-
less plains that fringe hundreds of miles of the coasts bordering the Arctic and Atlantic

If Oceans.
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f '
I In basins bordered by mountain ranges occur tremendous volumes of unconsoli-

dated deposits including sand and gravel. The sand and gravel derived by erosion of
mountains underlying intermontane valleys yield more than half of all the watern pumped from wells in the conterminous United States. There is some recharge
directly from precipitation, but generally most recharge is by seepage from streams
into the alluvial fans lying between the base of mountains and the basin floors.
Subsurface flow through the walls of the mountains into intermontane valley deposits
is also appreciable. The storage of these aquifers is very large in comparison to
annual recharge in the arid regions.

About 30 percent of the land surface of the earth has been covered by glacial ice
during the past million years. At present, 10 percent of the land surface is covered.
Glacial till covers several million square miles of the earth's surface, yet relatively
few wells draw their supplies directly from the till. Of the wells drawing water from
till, most of them probably obtain their water from joints or small sand lenses within
the till. A number of wells in mountain valleys probably draw water from coarse-
grained till.

Eolian deposits (formed by the wind) are far less abundant than either stream or
glacial deposits. The actual volume of eolian material encountered in subsurface
exploration is hard to evaluate because distinctive textural and structural features are
seldom recognized in drilling cuttings. Almost certainly many silts and sands assumed
to be alluvial or lacustrine are actually eolian. Eolian deposits can be divided into
two types, loess and dune sand. Loess is not commonly an aquifer because of its
low permeability and because where its permeability is the highest it is usually in high
topographic positions where subsurface drainage is efficient. If loess overlies
impermeable soils or consolidated rocks, stock or farm wells can be developed that will
give good service except during long periods of dry weather. Aquifers of dune sand
are not widely utilized because wells that prevent entrance of the loess sand are
difficult to construct by standard practices. In some places active dune areas are
favorable for water development because of high recharge rates, good water quality,
and moderately high permeabilities.

Limestones and dolomites, constituting between 5 and 10 percent of all sedimentary
rocks in the conterminous United States, vary widely in permeability. The most im-
portant aquifers are those in which secondary solution openings occur. In regions
where limestone forms the land surface and extends to considerable depth, ground-
water dissolves the rock and waters are hard because of dissolved mineral matter. The
ultimate development of limestone terraces is a karst region with such features as
sinkholes, lost rivers, large springs, and subsurface drainage. Solution openings are
irregularly distributed both horizontally and vertically. Some wells may penetrate
deep into limestone without yielding appreciable quantities of water; nearby wells
may have large yields.

Gypsum is sufficiently soluble to develop a high permeability. Water which is
hard and high in sulfate is pumped from gypsum in places.

The porosity of sandstone and conglomerate is generally much less than that of

c
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their equivalents, sand and gravel, because of the presence of cementing materials
between-grains. The interstices of quartzites generally are almost completely closed
by cementation, and the rock yields water from joints or other secondary openings.

f~| Many sandstones are only partly cemented and yield most water from the original
! ! interstices between grains and from joints. Sandstone wells seldom have yields as

high as the yields of wells in unconsolidated sand and gravel.
Shale, silt, clay, glacial till, weathered residual rocks, and poorly sorted alluvium

j often have high porosities but retain much water by molecular attraction and have a
( . low permeability. They furnish small supplies to domestic wells at many places.

Siliceous shale, some claystones, and most argillites will develop closely spaced joints

y if the rocks are near the surface. Also, if these rocks are involved in faulting,
fractures that stay open at considerable depths may develop. The joints and fractures
may yield small amounts of water to wells. Most commonly, however, the fine-
grained rocks will be barriers to the movement of groundwater.

D The volcanic rock basalt has about the same range of permeability as limestone.
Permeable zones include flow breccias, porous zones between successive lava beds,
lava tubes, and cracks and joints. Joints caused by cooling, lava tubes, vesicles that

, - intersect, tree molds, fractures caused by buckling of partly congealed lava, and
; voids left between successive flows are some of the features that give recent andesite
S-* and basalt its high permeability. Sediments interbedded with the lava will greatly

increase the average porosity of large volumes of rock that are predominantly vol-
f *'' canic. Both the permeability and porosity of volcanic rock tend to decrease slowly
.' with geologic time. Pyroclastic rocks associated with lava flows are generally porous

but not very permeable. Exceptions are blockly, coarse material near volcanic
_ vents and tuffs which have been reworked by water. Pyroclastic materials generally

• i have medium permeabilities.
t-j Generally crystalline and metamorphic rocks, commonly occurring in mountainous

areas, are poor aquifers, especially in areas where these rocks are buried beneath
other rocks. Where crystalline and metamorphic rocks are the uppermost bedrock,
they yield small but reliable amounts of water to wells in the upper decayed portions
of these rocks extending to depths up to 100 feet. Some water occurs at depths up to
300 feet in joints to shear planes. Most wells in crystalline and metamorphic rocks
yield supplies sufficient only for domestic use. The average permeability of meta-
morphic and plutonic igneous rocks decreases rapidly with depth.

A study of the surface and subsurface distribution of rocks and of their character,
thickness, and depth below land surface is prerequisite to an understanding of the
occurrence and movement of groundwater at any locality. The earth's crust consists
of layers of rocks laid down one upon another and underlain or intersected in places
by massive or foliated rocks. Most sedimentary rocks and some igneous and meta-
morphic rocks are stratified to some degree, whereas most igneous rocks form massive
bodies that were intruded into or extruded through the stratified rocks. Rock
formations, distinct units of the earth's crust consisting of rocks of one or more kinds,
may range from a few feet to thousands of feet in thickness and occur at the surface
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or may be buried beneath other rocks. Formations may extend over thousands of
square miles or may be limited in area! extent to less than a square mile. There may
be important differences in the same formation at different horizons and in different
localities.

Water wells penetrate formations deposited in a region during the geologic ages of
the past; generally the youngest formation is encountered first and then successively
older formations are passed through. At places, because of the occurrence of in-
trusive rocks, folds, faults, and thrusts, older formations may rest upon younger ones.
In most places, the lowest known rocks are crystalline igneous or metamorphic rocks
(basal complex) which have an eroded upper surface and are overlain by younger
formations. There is great variety in the succession of conformable beds overlying
the basal complex; commonly a coarse-grained formation rests unconformably on
older rocks. Generally, beds of a sedimentary series become increasingly fine-
grained and calcareous from the bottom upward. The thickness of most sedimentary
formations consisting of layers of rocks is very small in comparison with the a real
extent of the formations. The formations above or below an aquifer may be
distinctive and persistent.

Formations generally are stratified; individual beds may differ in thickness, com-
position, and compactness. Aquifers may be interbedded with aquitards or
aquicludes. Due to differences in the conditions under which deposition occurred, a
stratified formation generally changes gradually in thickness arid character of rock
from place to place. As a rule, formations are found to become thinner and finer
grained at increasing distances from the source of the sediments. These lateral
gradations are of great significance with respect to the occurrence and movement of
groundwater.

There is often a rapid-lateral gradation in unconsolidated deposits; lenses, layers,
and stringers of sand and gravel occur irregularly and give way abruptly to clays.
Radical changes in thickness and character are to be expected from place to place.
Extreme local variations in glacial deposits and river alluvial deposits are in striking
contrast to the relatively uniform conditions of some sedimentary bedrock aquifers.
Glacial till has a very chaotic structure and consists of clayey materials with highly
irregular interbedded lenses or layers of sand and gravel. Outwash deposits of sand
and gravel made by streams that flowed from the melting glacial ice often persist
over fairly large areas and sometimes change gradually in thickness and character
from place to place. Alluvium tends to be irregular in structure but often has fewer
local irregularities than glacial till. Lake deposits are much better stratified than
either glacial drift or alluvium. The composition of glacial deposits and alluvium and
lake deposits depends largely upon the nature of the rocks which were eroded to
supply the material out of which they were formed.

Rock formations are rarely horizontal; dips may be due to deposition in a sloping
position or to deformation after deposition. Alluvium generally dips downstream,
lake deposits dip away from shore, and lava beds dip away from vents. Because of
deformation, formations may have slight inclination, or they may turn into a vertical
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[ position, or overturn. Knowledge of the dip of the formation underlying a region is
necessary for the determination of the distribution of the aquifers, aquitards, and

.p, aquicludes and for the forecast of the depths to aquifers. The determination of the
! \ distribution and depth of aquifers would be relatively simple if formations everywhere
fc had the same angle and direction of dip. However, many formations have been

warped to form folds including anticlines, synclines, simple sills or monoclines, or
* ' irregular flexures. Anticlines may form ridges or structural domes; synclines may be
' troughs or structural basins. Formations dip in all directions away from a common

center in a structural dome and from all directions toward a common center in a
structural basin.

At places, rocks are separated from one another by unconformities representing
intervals of time during which existing rocks eroded and perhaps were tilted, warped,
or broken and practically no sediments were deposited. An unconformity shows the
approximate topography of a region just before the deposition of overlying formations.
The distribution of an aquifer or aquitard in formations either overlying or underlying
an unconformity may be controlled largely by the intervening unconformity.

Fractures result chiefly from compression during earth movements and from rock
shrinkage due to drying of sediments or cooling of igneous rocks. A joint is a natural
rock fracture; if blocks of rock on opposite sides of a fracture are dislocated with
reference to each other, the fracture is called a fault. Faults are of two kinds, normal
and thrust. They differ greatly in their lateral extent, in depth, and in amount of
displacement. Large faults may affect the distribution and position of aquifers and
act as subsurface dams or as conduits through which deep-seated waters may escape.
At places there is a fault zone called fault breccia containing many small parallel
faults or masses of broken rock. The raised side of a fault may produce an escarpment
with radical differences in the altitude and topography of the surface on opposite
sides of the fault. Deposition of coarse materials may result on the downthrown
side from rapid erosion of the exposed rocks on the raised side. So much erosion
may occur with the lapse of geologic ages that the escarpment is obliterated. A fault
may displace alternating permeable and impermeable beds so that the impermeable
beds face permeable beds. There may be clayey gouge along the fault planes. The
opposite sides of many faults are not everywhere pressed together; few faults are
single, clear-cut breaks.
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WATER-LEVEL DATA FOR TEST WELL: TW-2

MEASURING
1

POINT (MP)
MP ELEVATION = 5939,97 (FT MSL) TOP OF CASING

MEASURING DEVICE (MD>
1 COLDER ELECTRIC PROBE #1
2 COLDER ELECTRIC PROBE #2
3 COLDER ELECTRIC PROBE #3
4 MONSANTO ELECTRIC PROBE

0

1

DATE

7-26-84
8- 4-84
8- S-S4
8- 8-84
8- 9-84
8-10-84
8-13-84
8-13-84
8-13-84
8-13-84
8-13-84
8-13-84
8-13-84
8-13-84
8-13-84
8-13-84
3-13-84
3-13-84
3-13-84
3-13-34
8-13-34
3-13-34
8-13-34
3-13-34
3-13-34
3-13-34
3-13-34
3-13-34
3-13-34
3-13-34
8-13-34
3-13-34
3-13-34
3-13-34
3-13-34
3-13-34
3-13-34
3-13-34
3-13-84
8-14-34
3-14-34
3- 15-34

TIME

,1415
1329
1600
1655
852
800
902
1402
1650
1651
1652
1653
1654
1655
1656
1657
1653
1659
1700
1701
1702
1703
1704
1705
1706
1707
1703
1709
1710
1711
1712
1713
1714
1715
1716
1717
1713
1719
1720

. 323
1604
316

FRAC.
DAYS
( DAYS )

207,594
216.562
220,667
220.705
221.369
222.333
225,376
225,585
225,701
225,702
225,703
225,703
225,704
225.705
225.706
225,706
225,707
225,703
225,703
225,709
225 ,710
225,710
225,71 1
225 ,712
225,713
225 ,713
225,714
225.715
225,715
225 ,716
225,717
225.717
225 ,713
225,719
225.719
225,720
225.721
225.722
T-» CT -T *-t i r~.
^ ±- D » /" -il il

226 . 349
225.669
227,344

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

4
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
l

1
1
l

1
1
1

ME AS.
DEPTH
(FT. BMP)

49,95
50.24
50,06
50.01
50.31
50.20
50. 12
50.20
50, 12
50. 12
50, 14
50, 1 1
50, 14
50, 14
50, 1 1
50, 14
50, 14
50, 12
50, 13
50, 12
50, 14
50,13
50, 13
50. 13
50, 10
50, 10
50, 14
50, 13
50, 10
50,14
50, 1 1
50. 1 1
50, 1 1
50, 1 1
50. 12
50, 12
50. 12
50. 12
50. 12
50 . 20
50, 10
50. 13

CORR.
DEPTH
(FT. BMP)

49,95
49.82
49,96
49,91
50.21
50, 10
50, 02'
50. 10
50,02
50 . 02
50,04
50.01
50,04
50,04
50,01
50,04
50,04
50,02
50 , 03
50,02
50, 04
50, 03
50. 03
50. 03
50,00
50,00
50,04
50,03
50,00
50, 04
50. 01
50.01
50, 01
50,01
50. 02
50.02
50. 02
50,02
50, 02
50. 10
5 0 , 0 0
50. 03

ELEV,
(FT. USD

5940.02
5940, 15
5940.01
5940,06
5939.76
5939.87
5939,95
5939.37
5939.95
5939.95
5939.93
5939.96
5939,93
5939,93
5939,96
5939.93
5939,93
5939,95
5939.94
5939 , 95
5939,93
5939,94
5939.94
5939.94
5939,97
5939,97
5939,93
5939,94
5939 . 97
5939. 93
5939,96
5939,95
5939.96
5939,96
5939.95
5939.95
5939,95
5939,95
5339.95
5939. 37
5339. 97
5939,39



TW-: (CONT. )

S-1S-S4
8-17-84
8-20-84
8-21-84
8-23-84
8-27-84
8-28-84
9- 5-84
9-10-84
9-12-S4
9-14-84
10-18-84
10-25-84
10-27-84
10-29-84
11- 1-84
11- 3-84
11- 6-84
11-21-84
11-26-84
11-28-84
11-30-84
12- 3-84
12- 5-84
12- 3-84
12-10-84
12-12-84
1-31-85
2- 2-85
2- 4-85
2- 7-85
2-11-85
2-15-85

807
805
1008
851
722
1653
1402
1648
724
1539
1048
1435
1050
1350
830
905

. 1335
1420
737
1558
1035
1041
1301
1546
1345
934

1115
925
1245
1015
830
900
912

228,338
229 , 337
232.422
233.369
235,307
239.703
240.585
243,700
253,303
255.652
257.450
291.608
293.451
300.576
302.354
305.378
307.566
310,597
325.317
330.665
332.441
334 . 445
337.542
339 , 657
342.573
344,399
346.459
212,392
183,531
1 85 , 427
183,354
192,375
196.333

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
2
3
1
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

50, 19
50.22
50.22
50,27
50.63
50.24
50.42
50.42
50.47
50,52
50.57
51 , 15
51.26
51 ,25
51 ,28
51 ,36
51 .38
51,29
51 .57
51.57
51.57
51.62
51.64
51,70
51,67
5 1 , 77
51.69
52,46
52.46
52.53
52,49
52,82
52,75

50,09
50, 12
50, 12
50. 17
50.26
50,24
50,32
50.42
50.47
50.52
50.57
51. 15
51.26
51,25
51.28
51,36
51,38
51,29
51,57
51.57
51.57
51,62
51.64
51,70
51.67
51 ,77
51 .69
52,46
52.46
52.53
52.49
52,82
52,75

5939,38
5939.35
5939.35
5939,30
5939.71
5939,73
5939.65
5939,55
5939.50
5939.45
5939.40
5938.82
5938,71
5938.72
5938.69
5938,61
5938.59
5938.68
5938.40
5938,40
5938.40
5938.35
5938.33
5938.27
5938.30
5938.20
5938.28
5937.51
5937,51
5937,44
5937,43
5937, 15
5937,22



WATER-LEVEL DATA FOR TEST WELL: TW-3

c

MEASURING POINT (MP)
1 MP ELEVATION = 5831.31 (FT MSL)
2 MP ELEVATION = 5381,76 (FT MSL)

MEASURING DEVICE (MD)
1 COLDER ELECTRIC PROBE #1
2 COLDER ELECTRIC PROBE #2
3 COLDER ELECTRIC PROBE #3
4 MONSANTO ELECTRIC PROBE

HOLE IN CAP AT TOP OF CASIIV
MP 1,46 FT. ABOVE CEMENT

DATE

7-26-84
7-27-34
7-23-84
7-30-84
7-31-84
8-
8-
8-
8-
3-
8-
8-
8-
8-
8-
8-
3-
8-
8-
8-
8-
3-
8-
8-
8-
3-
8-
8-
8-
8-
8-
8-
8-
8-
8-
3-
3-
3-
O _
•__'

8-
o!_•

1-84
2-84
2-34
2-84
2-84
2-84
2-34
2-84
2-84
2-34
2-34
2-84
2-84
2-34
2-34
2-34
2-84
2-84
2-34
2-84
2-84
2-34
2-34
2-34
2-34
2-34
2-84
2-84
2-34
2-84
2-34
2-84
2-34
2-34
2-34
2-34

TIME

1502
1210
905
1043
1214
1258
1059
1339
1343
1344
1345
1346
1348
1350
1352
1354
1356
1358
1400
1405
1410
1415
1420
1425
1430
1435
1440
1445
1446
1447
1443
1449
1451
1453
1455
1500
1505
1510
1515
1520
1525

FRAC,
DAYS
( DAYS )

207.626
208.507
209,378
21 1 . 450
212.
213.
214.
214.
214.
214.
214.
214,
214,
214.
214.
214.
214.
214.
214.
214.
214.
214.
214.
214,
214.
214,
214.
214,
214.
214.
214.
214.
214.
214,
214,
214,
214.
214,
214.
214.
214.

510
540
458
569
572
572
573
574
575
576
578
579
531
532
533
537
590
594
597
601
604
60S
611
615
615
616
617
617
619
620
622
625
623
632
635
639
642

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

. 1
1
1
1
1
1
1
1
i
1
1
1
j.

MD

4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
i
1
1
1
*

1
i

1

MEAS.
DEPTH
(FT, BMP)

1 ,86
2,06
2,03
1 .85
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
i
i
i
i
1
1
j.

tl

.63

.44

.34

.30

.56
,61
.67
.67
,70
.71
,74
.77
.77
.86
,85
.85
.87
.89
,91
.93
,95
,94
.96
,98
,91
,56
,64
,63
,59
,55
.53
,52
,48
. 44
, 44
.44
. 43

CORR.
DEPTH
(FT. BMP

1.86
2.06
2.03
1,85
1.63
1,44
1 ,34
1 ,30
1.56
1 .61
1,67
1 ,67
1.70
1 ,71
1,74
1 , 77
1 , 77
1 .86
1.35
1 ,85
1 ,87
1,39
1.91
1 .93
1.95
1 ,94
1 .96

1 1 ,98
1,91
1.66
1.64
1 .63
1,59
1 ,55
1 , 53
1 ^O
1 f •_/*_

1 ,43
1 .4-4
1 ,44
1 . 44
1 . 43

ELEV,
) (FT. MSL)

5379.95
5879.75
5879,78
5879.96
5880.
5880,
5880.
5330.
5380.
5880.
5380.
5880.
5330,
5830,
5380,
5830,
5880,
5879 ,
5879 ,
5879 ,
5379,
5379 ,
5879 ,
5379 ,
5379 ,
5879 .
5379 .
5379 .
5879 ,
5380,
5880 ,
5380,
5880.
5830,
5880.
5830,
c; o o n
•_/ !_J O \J t

53 SO .
5330 .
5330.
5S30.

18
37
47
51
25
20
14
14
1 1
10
07
04
04
95
96
96
94
92
90
38
36
37
35
S3
90
15
17
IS
<-l >—i
i- 4L.

26
23
2S
33
37
37
37
33



TW-3 (CONT, )

S- 2-84
8- 2-84
8- 2-84
8- 2-84
3- 3-84
3- 4-84
3- 6-84
8- 7-34
8- 8-84
8- 9-34
8-10-84
8-13-84
8-14-34
8-15-84
8-16-84
3-17-84
8-17-34
8-20-84
3-22-34
3-23-84
3-27-84
8-29-84
8-31-84
9- 4-84
9- 6-34
9- 7-34
9-10-84
9-11-34
9-12-34
9-13-34
9-14-34
9-19-34
9-20-84
9-21-34
9-24-84
9-24-34
10- 1-84
10- 4-84
10- 3-84
10-15-34
10-17-34
10-13-34
10-22-34
10-25-34
10-27-34
10-29-84
.11- 1-84
11- 3-34
11- 6-34
1 1-10-84
1 1-16-34
1 1 -19-84
1 1-21 -34
i 1 -26-34
1 1-2S-S4
1 1 -30-S4
12- 3-S4

1530
1535
1540
1544
953
852
1852
1750
1 81 4
1538
933
1153
934
931
922
919
1030
350
713
1303
908
1515
914
920
814
1429
830
921
1510
1443
1023
321
1539
912
1342
1353
1107
1352
954
1020
1530
1455
1530
1025
1415
900
1030
1300
1505
1015
1405
323
352
163S
925
102S
1430

214,646
214,649
214.653
214,656
215,415
216,369
218.736
219, 743
220,750
221.651
222,401
225,495
226.399
227,397
223.390
229 , 333
229.438
232.368
234,301
235 . 547
239.331
241.635
243.335
247,339
249.343
250,603
253.354
254,390
255.632
256,613
257.433
262,343
263.652
264,333
267.571
267,573
274.463
277.573
281 ,413
233,431
290.646
291,622
295,645
293,434
300,594
302.375
305,433
307,542
310,570
314,427
320.537
323.349
325.359
330.693
332, 392
334.436
337. 604

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
*-l
£.

2
2
«~l
JL.

2
2
2
'-j
jt—

•~\

2
r>x_
"3_̂

•-

•p

r-l

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

3
3
2
3
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

1 .40
1 .40
1.39
1 ,40
1 ,20
1 . 13
1.24
1.42
1.54
1 ,72
1 ,75
1,96
1.96
2,00
2.04
2. 13
2. 13
2. 15
2,29
2,29
2.31
2.34
2,30
2.39
2,33
2,36
2,36
2,34
2,39
2.41
2,41
2.47
2,35
2.42
2.42
2.42
2.39
2,39
2,51
1 ,37
1 ,90
1 .95
1 .97
2, 02
1,97
1 .93
2. 03
2.00
2, 07
2, 10
2. 15
2.23
2. 23
2 . 35
"— i . O*""1
£. * Oi.

2.34
2,39

1.40
1 .40
1.39
1 .40
1.20
1,13
1.24
1 ,42
1.54
1.72
1,75
1.96
1.96
2.00
2.04
2. 13
2. 13
2. 15
2.29
2,29
2,31
2.34
2.30
2,39
2.33
2.36
2,36
2,34
2.39
2.41
2,41
2,47
2.35
2,42
2.42
2,42
2.39
2.39
2,51
1 .87
1 .90
1,95
1.97
2, 02
1,97
1 ,93
2,03
2.00
2, 07
2. 10
2. 16
2. 23
2,28
2.35
2 , 32
2,34
2 . 39

5830.41
5380,41
5830.42
5880.41
5830.61
5830.63
5380.57
5880.39
5330,27
5330,09
5830,06
5379.85
5379.35
5879.31
5379 . 77
5379.63
5879,68
5379.66
5879.52
5879 , 52
5379,50
5379 , 47
5879.51
5379.42
5379.43
5379.40
5379.40
5379,42
5379 . 37
5379 . 35
5379.35
5379.29
5379.41
5379.34
5S79 . 34
5379 . 34
5879 . 37
5379 . 37
5379,25
5879,39
5379.36
5879.81
5379 . 79
5379 . 74
5379 , 79
5379.73
5879 , 73
5379 , 76
5379 . 69
5379 , 66
5879,60
5379 , 48
5879 . 48
5879, 40
5379. 44
5879.42
5873,37



TW-3 (CONT,)

12- 8-84
12-10-84
12-12-84
1-28-85
1-31-85
2- 2-85
2- 4-85
2- 6-85
2-11-85
2-13-85
2-15-85

1640
1005
930
1610
1130
850
1315
1050
1040
1115
1055

342.694
344,420
346.396
209.674
212, 479
183.368
185.552
187.451
192,444
194.469
196.455

2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3

2
2
2
3
3
3
3
3
3

48
.45
43
95
12

. 12
15
15
12
20

3, 15

2.48
2.46
2.43
2.95
3. 12
3. 12
3. 15
3. 15
3.12
3.20
3. 15

5879.23
5879,30
5879 . 33
5878.81
5878.64
5878.64
5878,61
5878 , 6 1
5878,64
5878.56
5878,61

•f"
L



WATER-LEVEL DATA FOR TEST WELL: TW-4

MEASURING POINT (MP)
1 MP ELEVATION = 5381.94 (FT MSL)
2 MP ELEVATION = 5881.89 (FT MSL)

MEASURING DEVICE (MD)
1 COLDER ELECTRIC PROBE #1
2 COLDER ELECTRIC PROBE #2
3 COLDER ELECTRIC PROBE #3
4 MONSANTO ELECTRIC PROBE

HOLE IN CAP AT TOP OF
MP 1.82 FT. ABOVE CEMENT

I:
y

i;

I

DATE

7-26-84
7-27-84
7-28-84
7-30-84
7-31-84
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
3-
8-
3-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
3-
S-
s-
O _
i_j

8-
8-

1-84
2-84
2-84
2-84
2-84
2-84
2-34
2-34
2-34
2-34
2-34
2-84
2-84
2-84
2-34
2-34
2-84
2-34
2-34
2-34
2-84
2-84
2-34
2-34
2-84
2-84
2-84
2-34
2-34
2-34
2-34
2-34
2-S4
2-34
2 -.3 4
2-84

TIME

1506
1212
902
1047
1742
1908
1115
1548
1555
1557
1553
1559
1600
1601
1602
1603
1504
1606
1607
1603
1609
1610
1611
1612
1613
1614
1615
1616
1613
1619
1620
1621
1622
1623
1624
1625
1526
1627
1623
1629
1530

FRAC.
DAYS
(DAYS)

207.629
208,508
209.376
211.449
212.738
213.797
214.469
214.658
214.663
214.665
214.665
214.666
214.667
214.667
214.668
214.659
214,669
214,671
214.672
214.672
214.673
214,674
214,674
214.675
214.676
214,676
214,677
214,678
214,679
214,680
214,681
214,681
214,682
214,683
214,683
214,634
214,635
214, 635
214,636
214,637
214.6SS

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

. 1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

4
1
1
1
1
1
1
1
1
1 '
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MEAS. CORR,
DEPTH DEPTH
(FT, BMP) (FT. BMP

1,98 1.98
2,14 2.14
2. 11 2. 11
1.92 1.92
1.65
1.45
1.41
1 .48
1.49

21 , 17
40,21
50.20
61,45
77 . 9 1
83, 19
97,51
104,77
100,40
91 ,70
35.58
79.64
75,01
69.57
65. 19
60.43
56.31
52,23
43,50
41,65
33 , 57
35,30
32,85
30,41
23,20
26, 05
24, 02
22, 12
20. 45
13,34
1 7 . 36
15. 99

1.65
1.45
1.41
1.43
1.49

21. 10
40. 11
50, 10
61.30
77 . 73
37.98
97,25
104.50
100. 13
9 1 . 47
85.38
79 . 46
74,84
69.50
65.03
60.33
56.18
52 . 1 7
43.40
41,55
38,47
35.70
32 , 75
30,31
28, 1 1
25.95
23,94
22, 04
20 . 38
1S.7S
17.31
15.95

ELEV.
) (FT. MSL)

5879.96
5879.80
5879.83
5880.02
5880.29
5880.49
5880.53
5880.46
5380.45
5860.84
5841.83
5831.34
5820.64
5804.21
5793,96
5784.69
5777,44
5781 .81
5790.47
5796.56
5802.43
5307. 10
5312.44
5816.91
5821.61
5825,75
5329 , 77
5333.54
5840,39
5843.47
5846,24
5349. 19
5351 ,63
5853.83
5855,93
5353, 00
5359.90
5361 .56
5S53. 15
5864.53
5865.99



TW-4 (CONT. )

S- 2-34
3- 2-84
3- 2-84
3- 2-34
S- 2-84
8- 2-34
S- 2-84
8- 2-34
S- 2-34
8- 2-34
8- 2-84
S- 2-84
8- 3-84
S- 4-34
S- 6-84
S- 7-34
8- 3-84
8- 9-34
3-10-84
8-13-84
8-14-34
8-15-84
3-16-34
8-17-84
8-20-34
8-22-84
3-23-84
8-24-84
3-29-84
8-31-84
9- 4-34
9- 6-84
9- 7-34
9-10-84
9-11-84
9-12-84
9-13-84
9-14-84
9-19-34
9-20-34
9-21. -84
9-24-34
9-24-34
10- 1-34
10- 4-34
10- 8-34
10-15-34
10-17-34
10-13-84
10-22-34
10-25-34
10-27-34
10-29-84
11- 1-S4
11- 3-34
11- 6-34
1 I -10-S4

1631
1633
1634
1635
1636
1638
1640
1641
1642
1643
1644
1645
955
854
1751
1755
1821
1553
944
1205
923
936
916
926
1125
712
1303
846
1513
905
921
817
1431
332
922

151 1
1444
1024
822
1540
913
1342
1353
1107
1352
955
1020
1525
1456
1530
1025
1415
900
1030
1300
1605
1035

214,683
214,690
214,690
214.691
214,692
214.693
214.694
214,695
214,696
214,697
214,697
214,698
215.413
216,371
218.744
219,747
220.755
221.662
222.406
225.503
226.394
227.400
228.386
229.393
232.476
234,300
235,544
236.365
241.634
243.373
247,390
249,345
250.605
253,356
254,390
255,633
256.614
257,433
262,349
263.653
264.334
267.571
267.573
274,463
277.578
281 .413
283.431
290,642
291.622
295,646
293,434
300.594
302.375
305.438
307.542
310,670
314,441

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
O
X.

2
2
2
2
2
Ti.

2
•?
D̂_

2
2
2
•?

2
2
2
2
2
2

Ô£_

sL.

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
3
3
2
3
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

14,69
12,44
11.44
10.55
9.74
8,24
7.09
6.50
6,06
5.62
5.08
4.84
1.30
1,22
1,33
1.50
1,61
1.75
1.89
2. 12
2. 11
2. 12
2. 15
2.21
2.44
2.32
2.34
2.36
2.43
2.42
2,49 '"
2,41
2,48
2,48

. 2,46
2.51
2.51
2.51
2.58
2.44
2.51
2.53
2,53
2,49
2,48
2,61
1 ,96
2.00
2.05
2,07
2,10
2,07
2, 07
2,13
2. 12
2, 12
2,20

14,66
12.42
11.43
10.55
9.74
8,24
7,09
6,50
6.06
5,62
5.08
4.84
1,30
1.22
1.33
1.50
1.61
1,75
1,89
2, 12
2. 11
2. 12
2. 15
2,21
2,44
2,32
2,34
2,36
2.43
2,42
2.49
2.41
2.48
2.48
2.46
2,51
2,51
2,51
2.58
2.44
2.51
2.53
2.53
2,49
2,48
2.61
1.96
2,00
2.05
2, 07
2. 10
2,07
2. 07
2, 13
2, 12
2. 12
2.20

5867,28
5869.52
5870,51
5871.39
5872,20
5373.70
5874.35
5375.44
5875,88
5876.32
5876.86
5877. 10
5880.64
5880,72
5830.61
5880,44
5880,33
5SSO. 19
5880.05
5879 . 32
5879.83
5879.32
5879 . 79
5879.73
5879,50
5879,62
5879.60
5879,53
5879,51
5879,52
5879 , 45
5879,48
5879,41
5879,41
5379,43
5879,38
5879.38
5879 , 33
5879.31
5879.45
5879,38
5879.36
5879,36
5879.40
5879,41
5379 , 23
5879,93
5879,89
5879,84
5879.32
5879,79
5879.82
5879.82
5879 , 76
5879. 77
5879 , 77
5S79.59



TW-4 (COIMT, )

n

1 1-16-34
11-19-34
11-21-34
11-25-34
11-23-34
1 1 -30-84
12- 3-84
12- 3-84
12-10-84
12-12-84
1-28-85
1-31-85
2- 2-85
2- 4-35
2- 6-35
2-11-85
2-13-85
2-15-35

1405
833
352
1638
925
1003
1430
1640
1005
930
1610
1130
350
1315
1050
1040
1115
1055

320.537
323.356
325.369
330.693
332,392
334.422
337.604
342.694
344.420
346.396
209.674
212.479
183.368
135.552
137,451
192.444
194.469
196,455

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

2.25
2,36
2.36
2,43
2.39
2.43
2.43
2.54
2.53
2.53
3.02
3, IS
3. 18
3.22
3. IS
3, 12
3.25
3.25

2.25
2.36
2.36
2.43
2.39
2.43
2.48
2,54
2,53
2,53
3.02
3, 18
3. 18
3.22
3. IS
3. 12
3.25
3.25

5879.64
5879.53
5879 , 53
5379,46
5879,50
5379 , 46
5379,41
5S79.35
5879.36
5379 . 36
5878.87
5373,71
5878,71
5378.67
5873,71
5873,77
5373.64
5378.64



WATER-LEVEL DATA FOR TEST WELL: TW-5

n
i;
y

c

MEASURING POINT (MP)
1 MP ELEVATION = 5958.72 (FT MSL)
2 MP ELEVATION = 5958,67 (FT MSL)

MEASURING DEVICE (MD)
1 COLDER ELECTRIC PROBE #1
2 COLDER ELECTRIC PROBE #2
3 COLDER ELECTRIC PROBE #3
4 MONSANTO ELECTRIC PROBE

HOLE IN CAP AT TOP OF CASH
MP 1.71 FT, ABOVE CEMENT

DATE

7-27-84
7-30-84
7-31-84
7-31
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
3-
8-
3-
8-
3-
8-
3-
8-
8-
8-
3-
o _\_'

D _ĵ

3-

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1.
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

-84
-84
-84
-84
-84
-84
-84
-84
-84
-84
-84
-84
-84
-84
-84
-84
-34
-84
-84
-84
-84
-84
-84
-84
-84
-84
-84
-34
-84
-84
-84
-84
-34
-34
-34
-34
-34
-84

TIME

853
1337
952

1001
1032
1458
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1514
1516
1518
1520
1522
1524
1526
1528
1530
1535
1538
1540
1545
1550
1555
1600
1605
1610
1612
1613
1614
1615
1616
1617

FRAC.
DAYS
( DAYS )

208,370
211,567
212.411
212,
213.
213,
213,
213.
213.
213,
213,
213,
213.
213.
213.
213.
213.
213.
213,
213.
213,
213,
213,
213,
213.
213,
213.
213.
213.
213,
213,
213,
213,
213.
213,
213,
213.
213.
213.
213.
213.

417
439
624
626
627
628
628
629
630
631
631
632
633
633
635
636
638
639
640
642
643
644
646
649
651
653
656
660
663
667
670
674
675
676
676
677
673
673

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
-i

MEAS,
DEPTH
(FT, BMP]

69,63
69.38
69.21
69.21
69.05
69.04
31. 15
83.55
93.50
96.82
99,44
101,33
103,06
104,35
105.55
105.50
107. 19
108.26
109, 03
109,51
109.82
109,91
1 10.04
110,06
1 10. 10
1 10, 17
104,21
108,25
1 10,49
112. 16
1 1 1 . 97
1 1 1 , 88
1 1 1 .98
1 1 1 , 43
1 12,49
90,77
31 .23
74 , 97
7 1 , 27
69,36
69. 45

CORR,
DEPTH ELEV.

I (FT, BMP) (FT. MSL)

69.63 5889.09
69,21 5889.51
69.04 5889.68
69,04
68.88
68,87
30,97
88,34
93.26
96,57
99,17
101,06
102.79
104.03
105,28
106.23
106.92
107,99
103,76
109,24
109,55
109,64
109.77
1 09 , 79
109,33
109,90
103,94
107,93
110,22
1 1 1 , 39
1 1 1 ,70
111.61
111,71
111,16
112.22
90.55
31 . 05
74,30
71.10
69. 69
59,23

5889
5889
5889
5377
5370
5865
5862
5859
5857
5855
5854
5853
5852
5351
5850
5849
5849
5849
5849
5848
5848
5843
5348
5854
5850
5843
5846
5347
5347
5347
5847
5846
5863
5377
5333
5337
5339
5339

.68

.84
,85
.75
.38
,46
. 15
,55
,66
,93
,64
.44
,49
,80
,73
,96
,43
. 17
.08
,95
,93
,89
,82
,78
,74
,50
,83
, 02
, 1 1
, 01
,56
,50
, 17
.67
,92
.62
. 03
, 44



TW-5 (COIMT, )

S- 1-S4
a- 1-34
3- 1-34
3- 1-34
3- 1-34
8- 1-84
3- 1-84
3- 1-34
8- 1-34
3- 1-84
3- 1-34
3- 1-34
3- 1-84
3- 2-34
8- 3-84
8- 6-84
3- 6-34
3- 7-84
3- 8-34
8- 9-34
3-10-84
3-13-84
8-14-84
8-15-84
3-15-84
8-17-34
3-20-34
8-21-34
3-22-84
8-23-34
3-24-84
3-27-84
3-29-84
8-31-84
9- 4-34
9- 5-34
9- 7-34
9-10-34
9-1 1-34
9-12-84
9-14-34
9-13-34
9-19-84
9-25-34
10- 9-84
10-15-34
10-17-34
10-22-34
10-25-34
10-27-34
10-29-34
11- 1 -34
11- 3-34
11- 5-34
1 1- 9-34
1 1-16-84
1 1 - 19-34

1613
1620
1622
1624
1626
1623
1631
1635
1640
1645
1650
1655
1857
921
1220
1335
1841
1509
1736
1513
1002
1 103
851
853
347
355
913
823
731
313

11 13
1015
1501
321
94'3
757
1510
744
912
1455
920
1430
919
345
915

1 125
1520
950
1020
1410
350
940
1315
1445
S40
S5S
536

213.679
213,631
213,632
213.633
213,685
213,636
213.683
213,691
213.694
213,698
213,701
213,705
213,790
214,390
215,514
218,566
218,773
219,631
220.733
221.633
222.413
225,460
226.369
227.370
223,366
229,372
232,333
233,349
234,313
235,342
236,467
239 . 427
241 ,626
243,343
247,405
249,331
250,632
253,322
25.4 , 333
255,622
257.339
261 ,604
252.388
268,365
232.335
233,476
290,639
295,410
293,431
300.590
302.353
305,403
307.552
310,515
313.351
320.374
323,400

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
r>
i.

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
rD
.£_

2
• ô_

r>
T>i_

<-»
*—

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
3
3
3
2
3
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

69.31
69,20
69. 19
69, 15
69. 10
69. 12
69.09
69,08
69.03
69,09
69.08
69.09
69.01
68.95
68.70
63.80
68.37
68.99
69.24
69.40
69.42
69.62
69.64
69.67
69.72
69.75
69.81
69.79
69.80
70,35
59.70
69.75
69.73
70,33
69,33
70,39
69,36
69.34
69,85
69.33
69.91
70.04
70. 00
69.95
70, 01
70, 11
70. 09
70,22
70 , 27
70,21
70,24
70,27
70. 27
70.27
70.34
70. 35
70. 42

69. 14
69,03
69.02
68,93
68,93
68,95
63.92
63,91
68,91
68.92
68,91
68,92
68.84
68.73
68,53
58,63
68.70
68,82
69.07
69,23
69.25
69,45
69,47
69,50
69,55
69,53
69,64
69,62
69,63
69,81
69.70
69.75
69,73
69,79
69.83
69,85
69.36
69.34
69.35
69.88
69.91
70,04
70. 00
69.95
70.01
70. 11
70.09
70,22
70.27
70.21
70.24
70,27
70.27
70.27
70 . 34
70 . 36
70,42

5389.58
5389,69
5889,70
5889.74
5839 , 79
5889.77
5839.80
5389.31
5839.81
5839.80
5839,81
5389.80
5889,33
5889,94
5890, 19
5890,09
5890,02
5889,90
5839,65
5339.49
5389,47
5889.27
5889,25
5889,22
5839, 17
5839, 14
5889,03
5389,05
5839,04
5383,36
5883 , 97
5888,92
58SS.S9
5333.83
5883.34
5333.82
5333.81
5888.83
5833.32
5838.79
5833.76
5333.63
5388.67
5338.72
5333,66
5338,56
5838,53
5338,45
5SSS.40
5333.46
5333.43
5333,40
5333.40
5333.40
5SSS.33
5SSS . 3 1
5S3S . 25



TW-5 (CONT,)

i..

u

11-21-34
11-26-84
1 1-2S-S4
11-30-34
12- 3-34
12- 3-34
12-10-34
12-12-34
1-29-85
1-31-35
2- 2-35
2- 4-85
2- 6-35
2-11-35
2-12-35
2-12-85
2-13-85
2-15-85

337
1624
1121
940
1403
1540
957
1125
1305
935
1300
955
340
905
1210
1435
1000
942

325,359
330.683
332.473
334.403
337.589
342,653
344.415
346 . 476
210.545
212,399
183,542
185,413
187.361
192.378
193.507
193.608
194,417
196.404

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

70.44
70.50
70,50
70.54
70.62
70.72
70,72
70.70
71.29
71 .32
71 .32
71,39
71.36
71,46
71 ,47
71 ,49
71.52
71.55

70 . 44
70,50
70,50
70.54
70,62
70 . 72
70,72
70,70
7 1 . 29
71,32
71.32
71.39
71.36
71 .46
71.47
71.49
7 1 , 52
71.55

5388.23
5838. 17
5388. 17
5888. 13
5838.05
5887.95
5887.95
5337.97
5837.38
5887.35
5887,35
5887.28
5837.31
5887.21
5887.20
5887, 18
5887. 15
5837. 12

c



WATER-LEVEL DATA FOR TEST WELL: TW-6

MEASURING POINT (MP)
1 MP ELEVATION = 5958.95 (FT MSL)
2 MP ELEVATION = 595S.90 (FT MSL)

MEASURING DEVICE (MD)
1 COLDER ELECTRIC PROBE #1
2 COLDER ELECTRIC PROBE #2
3 COLDER ELECTRIC PROBE #3
4 MONSANTO ELECTRIC PROBE

HOLE IN CAP AT TOP OF CAS IIV
MP 1,85 FT, ABOVE CEMENT

E

DATE

7-26-84
7-27-84
7-30-84
7-30-84
7-31-84
8- 1-84
8- 1-84
8- 1-84
8- 1-84
8- 1-84
8- 1-84
B- 1-84
8- 1-84
8- 1-84
8- 1-84
8- 1-84
8- 1-84
8- 1-84
8- 1-84
8- 1-84
8- 1-84
8- 1-84
8- 1-84
8- 1-84
8- 2-84
8- 3-84
8- 6-84
8- 6-84
8- 7-84
8- 3-84
8- 9-84
8-10-34
8-13-84
8-14-84
8-15-34
3-16-84
S-17-S4
3-20-34
3-21-34
3-22-34
3-23-84

TIME

1439
851
952
1546
1012
1010
1020
1158
1202
1713
1722
1728
1731
1735
1740
1750
1800
1817
1828
1831
1832
1834
1840
1850
944
1222
1131
1812
1500
1 747
1506
955
1103
859
346
347
355
914
323
727
319

FRAC.
DAYS
(DAYS)

207,610
208.369
211.411
211.657
212.425
213.424
213.431
213.499
213.501
213,717
213.724
213.728
213.730
213.733
213,736
213. 743
213.750
213.762
213.769
213.772
213.772
213.774
213.773
213.785
214.406
215.515
218.430
218.758
219,625
220.741
221.629
222,413
225.460
226,374
227.365
223.366
229 . 372
232.335
233,353
234,310
235.347

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2

MD

4
4
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
a

1
1
1
A

Oi_

MEAS,
DEPTH
(FT. BMP)

63.56
64.72
64.67
64.67
64.66
64,54
64.60
65,02
64,53
64.57
64.57
64.91
64.93
64,93
64,94
64,95
64,94
64.96
64.95
64.62
64.50
64.59
64.58
64,58
64.54
64,59
64.49
64.47
54.54
64.66
64.72
54.93
65. 03
65,07
65, 14
65,20
65.29
65.24
55,34
65.37
55,32

CORR.
DEPTH
(FT. BMP)

63.56
64.72
64.51
64,51
64.50
64.38
64.44
64.50
64.42
64.41
54.41
64,75
64.77
64.77
64.73
64,79
64,78
64,80
64.79
64,46
64.44
64.43
64.42
64,42
64.38
64.43
64.33
64.31
64.33
64,50
64.56
64.77
64.37
64,91
54,98
65, 04
55. 13
55. OS
55, 13
65, 21
65.30

ELEV.
(FT, MSL)

5895.39
5894.23
5894.44
5894.44
5894.45
5894.57
5894.51
5894.45
5894.53
5894.54
5894,54
5894.20
5894. 18
5894. 18
5894, 17
5894. 16
5894, 17
5394, 15
5894, 16
5894,49
5394,51
5894.52
5894.53
5894.53
5894.57
5394.52
5394,62
5394,64
5394,57
5394,45
5394,39
5394. IS
5894.03
5394. 04
5393,97
5393.91
5393,32
5893.87
5393.72
5393.69
5393.50



TW-G (CONT. )

8-24-84
8-29-S4
S-31-84
9- 4-84
9- 6-84
9- 6-84
9- 7-84
9-10-84
9-11-84
9-12-84
9-14-84
9-18-84
9-19-84
9-25-84
9-27-84
10- 9-84
10-15-84
10-17-84
10-22-84
10-25-84
10-27-84
10-29-84
11- 1-84
11- 3-84
11- 6-84
11- 9-84
11-16-84
11-19-34
11-21-84
11-26-84
1 1-28-84
1 1-30-84
12- 3-84
12- 8-84
12-10-84
12-12-84
1-29-85
1-31-85
2- 2-85
2- 4-85
2- 6-85
2-1 1-85
2-12-85
2-12-85
2-13-85
2-15-85

1005
1504
1049
936
742
804
1206
752
901
1500
931
1434
917
1015
1420
915
1125
1520
950
1020
1410
850
940
1315
1445
845
358
935
337
1624
1121
940
1402
1540
957
1125
1305
935
1300
955
350
910
1350
1435
1000
942

236,420
24 1 , 623
243.451
247.400
249.321
249,336
250.504
253.328
254.376
255,625
257.397
261 ,607
262,387
268,427
270,597
232.385
288.476
290,639
295.410
298.431
300.590
302.368
305,403
307,552
310.615
313.365
320.374
323.400
325.359
330.683
332.473
334.403
337,535
342.653
344.415
346.476
210,545
212.399
183.542
135,413
137.368
192.332
193,576
193,608
194,417
196,404

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
2
3
3
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

65.30
65.34
65.57
65,47
65.47
65.99
65.43
65,48
65.45
65.53
65.60
65.71
65.75
65.71
65,68
65,81
65.86
65,81
66.01
66.09
66.03
66.09
66. 14
66. 12
66. 14
66. 17
66.30
66.39
66.39
66,45
66,43
65 , 57
66,66
66,30
66,30
66,30
57,62
67,65
67,65
67,70
67,71
67,31
67.91
67,33
67,90
57,91

65.30
65,34
65.05
65 . 47
65.47
65.47
65,43
65,48
65,45
65,53
65.60
65,71
65,75
65,71
65.63
65.81
65,86
65,81
66.01
66,09
66.03
66, 09
66. 14
66. 12
66. 14
66, 17
66,30
66,39
66,39
66.45
66,48
66.57
66.56
65.80
66.80
66.80
67.62
67.65
67.65
67,70
67,71
67.81
67.91
67.83
67.90
67.91

5393,60
5393.56
5393,85
5393.43
5893.43
5893.43
5893.42
5893,42
5893,45
5393.37
5893,30
5393, 19
5893. 15
5893, 19
5893,22
5393,09
5893,04
5893,09
5892.89
5892.81
5892.87
5892,31
5892,76
5392.78
5392.76

. 5892.73
5392.60
5392.51
5392.51
5892.45
5392.42
5392.33
5392,24
5392, 10
5892, 10
5392, 10
5391.23
5391.25
5391.25
5891.20
5891. 19
5891.09
5390.99
5391.02
5891,00
5390,99



-••

WATER-LEVEL DATA FOR TEST WELL: TW-7

MEASURING POINT (MP)
1 MP ELEVATION = 5385.93 (FT MSL)
2 MP ELEVATION = 5336.37 (FT MSL)

MEASURING DEVICE (MD)
1 COLDER ELECTRIC PROBE tl
2 COLDER ELECTRIC PROBE #2
3 ^ COLDER ELECTRIC PROBE #3
4 MONSANTO ELECTRIC PROBE
5 STEVENS RECORDER CHART

TOP OF 4 IN PVC CASING
TOP OF 1.5 IN PVC PIPE

ill O
M ,,;•

I u/i-
:--- fc' ?

•\ '

I i=
••!;

i'
I !j
<M
:k n

DATE
«

7-26-34
7-27-34
7-23-34
7-30-34
7-30-84
7-31-34
3- 1-34
8- 2-34
8- 2-34
3- 2-84
3- 2-84
3- 2-34
B- 2-84
S- 2-34
3- 2-84
3- 2-84
3- 2-84
3- 2-34
8- 2-34
3- 2-34
8- 2-34
3- 2-84
S- 2-S4
8- 2-84
8- 2-84
8- 2-34
8- 2-84
8- 2-34
8- 2-84
3- 2-84
3- 2-84
3- 2-84
8- 2-84
3- 2-34
S- 2-84
8- 2-84
8- 2-84
8- 2-84
S- 2-84
S- 2-S4

TIME

1520
1311
1141
1125
1936
1128
1226
1146
1716
1720
1721
1723
1725
1723
1729
1730
1732
1 734
1736
1738
1740
1742
1744
1747
1750
1755
1800
1305
1310
1815
1826
1829
1331
1332
1833
1835
1337
1840
1843
1845

FRAC,
DAYS
(DAYS)

207,639
208.549
209.487
211.476
211.817
212.478
213,518
214.490
214,719
214.722
214, 723
214.724
214.726
21'4,72S
214,723
214.729
214,731
214,732
214, 733
214,735
214,736
214,733
214,739
214,741
214,743
214,747
214, 750
214,753
214,757
214.760
214,763
214,770
214,772
214.772
214. 773
214.774
214.776
214,778
214,730
214,731

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
j.

i
1
1
1

MD

4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MEAS.
DEPTH
(FT. BMP)

13.95
13,91
13.94
13.66
13.55
13,36
13, 10
12.91
12,81
13.52
13,61
13,71
13,71
13.81
13.34
1 3 . 79
13.91
13.96
13.92
13.93
14.00
14.06
14.03
14.05
14. 07
14.03
14.09
14. 11
14. 12
14. 11
14. 14
14. 1 1
13.50
13.44
13,40
13.29
1 3 , 26
13, 13
13.18
13,19

CORR.
DEPTH
(FT. BMP

13,95
13.38
13,91
13.63
13.53
13.34
13.03
12.39
12.79
13.50
13.58
13.63
13.63
13,78
13.81
13.76
13. 38
13.93
13.89
13.95
13.97
14.03
14,00
14.02
14.04
14.05
14,06
14,08
14, 09
14.08
14, 11
14,08
13,48
13,42
13.38
13.27
13,24
13, 1 1
13.16
13. 17

ELEV.
) (FT.MSL)

5372,03
5372. 10
5372.07
5872.35
5872.45
5872.64
5872.90
5873.09
5873. 19
5372.48
5872.40
5872.30
5872.30
5872.20
5872. 17
5872,22
5872, 10
5872,05
5372,09
5872.03
5872.01
5871.95
5371,98
5871.96
5371.94
5871.93
5871.92
5871,90
5871,89
5871,90
587 1 , 87
5871,90
5372,50
5372,56
5872.60
5872,71
5872.74
5872.87
5872.82
cro-ro o 1-_/ LJ .' t— t *_* i



o
S- 2-34
8- 2-84
S- 2-84
8- 2-84
S- 2-34
8- 2-84
S- 2-84
8- 2-84
S- 2-84
8- 2-84
8- 3-84
S- 4-84
8- 6-84
8- 7-84
8- 8-84
S- 9-84
8-10-84
8-13-84
8-14-84
3-17-84
8-17-84
8-17-34
8-17-84
8-17-84
3-20-84
8-21-84
8-22-34
8-23-34
3-24-84
8-27-84
8-28-84
8-23-34
3-29-84
8-30-34
3-31-84
9- 4-34
9- 6-34
9- 7-34
9-10-34
9-12-34
9-13-84
9-19-34
9-20-84
9-25-34
10- 1-34
10- 4-34
10- 8-84
10-15-34
10-17-84
10-22-34
10-25-34
10-27-34
10-29-34
11- 1-84
11- 3-34
11- 6-S4
11- 9-S4

1346
1343
1850
1853
1855
1857
1900
1905
1910
1915
1554
741
1650
1304
1759
1040 -
859
1628
951
1132
1423
1515
1649
1730
337
1222
710
1020
843
836
929
1322
1521
1020
1404
912

. 321
1406
335
1515
1414
300
1519
1310
1102
1343
945
1020
1530
1530
1030
1415
905
1030
1300
1555
1255

214.732
214.733'
214.735
214.737
214,788
214,790
214,792
214.795
214.799
214.802
215.663
216.320
218.701
219,753
220,749
221 ,444
222.374
225 . 686
226,410
229.481
229.599
229.635
229.701
229.729
232,359
233,515
234.299
235,431
236,363
239 . 353
240.395
240 , 557
241 ,640
242.431
243,586
247.383
249,348
250.533
253.353
255,635
256.593
262.333
263.633
263.549
274,460
277.575
231 .406
283.431
290,646
295.646
293,433
300.594
302,373
305,433
307,542
310,663
313,538

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
*-t
jL.

O

O

1
1
1
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
3
3
3
3
3
3
2
3
2
3
3
.3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

13. 19
13.08
13,04
13,02
12,98
12.98
12,94
12.97
12,96
12.95
12,68
12,61
12.65
12,95
13,30
13,37
13,41
13.74
13,72
27.47
24.41
19,44
20.34
17.81
14.25
25. 16
15.23
14.72
14.45
14,20
14. 19
14,21
14, 17
14, 16
14,30
14. 1 1
14. 14
14. 17
14. 14
14. 16
14, 17
14.25
14. 17
14.17
14.24
14,22
1 4 , 27
14,21
14, 19
14, 16
13,73
14,01
13,94
14,01
14,06
14, 10
14.21

13, 17
13,06
13.02
13,00
12.96
12.96
12.92
12,95
12,94
12.93
12.66
12.59
12.63
12.93
13.28
13.35
13.39
13.71
13.69
27.38
24,33
19.37
20,27
17.76
14.22
25,07
15. 19
14,63
14.45
14,20
14, 19
14,21
14. 17
14, 16
14,22
14, 11
14,06
14, 17
14.14
14, 16
14, 17
14,25
14.17
14, 17
14,24
14,22
14,27
14,21
14, 19
14, 16
13.73
14,01
13.94
14, 01
14. 05
14, 10
14, 21

5872,81
5872.92
5872,96
5872.93
5873.02
5373.02
5873.06
5373.03
5873.04
5873.05
5873.32
5373,39
5873.35
5873.05
5872.70
5872.63
5372,59
5872,27
5872.29
5858.60
5861.65
5866.61
5865,71
5368,22
5871 ,75
5360,91
5870,79
5371.35
5371,53
5371,78
5371,79
5371,77
5871,81
537 1 , 32
587 1 , 76
5371,37
5871,92
5871.81
5871.84
5371.32
5371,81
5371.73
5871,81
537 1,81
587 1 . 74
5372. 15
5372, 10
5872, 16
5372 , 1 3
5872,21
5872,64
5372.36
5372.43
5372,36
5372.31
5S72.27
5372. 16

O

o

o

o



TW-7 (CONT,)

is

11-16-84
11-19-84
11-21-84
11-26-84
11-28-84
1 1-30-84
12- 3-84
12- 8-84
12-10-84
12-12-84
12-14-84
12-15-84
12,- 16 -84
12-18-84
1-28-85
1-30-85
2- 4-85
2-11-85
2-13-85
2-15-85

1400
817
847
1634
917
951
1412
1635
1005
930
1400
1200
1200
1355
1610
1200
1315
1040
1115
1055

320,583
323.345
325.356
330.690
332.387
334.410
337.592
342.691
344.420
346.396
348.583
349,500
350.500
352.580
209,674
211,500
185.552
192.444
194.469
196,455

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
5
5
3
3
5
3
3
3
3

14. 19
14,32
14.30
14,40
14,35
14.40
14.42
1 4 . 47
14.43
14.47
14.55
14.50
14,53
14.53
14,70
14,75
14.80
14,80
14,35
14,94

14. 19
14.32
14.30
14.40
14.35
14.40
14.42
14,47
14.43
14.47
14.55
14,50
14.53
14,53
14.70
1 4 . 75
14.30
14.80
14.35
14,94

5872, IS
5872.05
5872.07
5871.97
5872.02
5371.97
5871,95
5371.90
5871.94
5871,90
5871.82
5871.87
5871,84
5871,84
5871,67
5871,62
5871.57
5871,57
5871,52
5871.43

i;

r

L



WATER-LEVEL DATA FOR TEST WELL: TW-S

MEASURING POINT (MP)
1 MP ELEVATION = 5885,72 (FT MSL)

MEASURING DEVICE (MD)
1 COLDER ELECTRIC PROBE #1
2 COLDER ELECTRIC PROBE #2
3 COLDER ELECTRIC PROBE #3
4 MONSANTO ELECTRIC PROBE

TOP OF 4 IN PVC CASING

Li

tj

DATE

7-26-84
7-27-84
7-28-84
7-30-84
7-30-84
7-31-84
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
3-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
8-
3-
8-
8-
8-
3-
8-
8-
S-
8-
8-
8-
8-

1-84
2-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-84
3-S4
3-S4
3-S4
3-3-4

TIME

1513
1309
1009
1123
1834
1114
1242
1125
913
1005
1008
1111
1012
1013
1014
1015
1016
1019
1020
1021
1022
1023
1024
1026
1023
1030
1032
1034
1036
1038
1040
1045
1050
1055
1100
1110
1 123
1200
1316
1347
1423
1444

FRAC.
DAYS
( DAYS )

207,634
208,548
209,423
211.474
211.774
212.
213,
214.
215,
215,
215,
215.
215,
215.
215,
215,
215.
215.
215,
215.
215.
215.
215.
215.
215.
215.
215.
215.
215,
215.
215.
215.
215.
215.
215.
215,
215,
215,
215,
215,
215,
o 1 *=:
jL. 0. -_J »

468
529
476
384
420
422
466
425
426
426
427
428
430
431
431
432
433
433
435
436
433
439
440
442
443
444
443
451
455
458
465
474
500
553
574
599
514

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

4
1
1
1
1
1
1
1
1
1
1
1
1 .
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
1

1

MEAS.
DEPTH
(FT. BMP)

11.33
11.37
11.37
11, 16
11 .08
10.90
10,67
10.47
10.38
10,36
10,37
27.46
45.55
61,06
75 , 44
SO, 12
85,99
35,00
84,84
84,69
34.51
34.37
34.31
33.95
83.79
83.46
83.21
32.91
32.66
32.39
32, 1 1
31.38
30,66
30,00
79.33
77.93
76,21
63.45
53.02
47. SS
42,50
39 . 7 1

CORR,
DEPTH ELEV.
(FT. BMP) (FT, MSL)

11,33 5374.39
11,36 5874.36
11.36 5874.36
11.15 5874.57
11.07 5874.65
10.
10.
10.
10.
10.
10.
27.
45,
60.
75,
79.
85,
84.
84,
34,
34,
84,
84,
83.
83,
S3,
S3,
82,
82,
32.
31 ,
31 .
SO.
79.
79,
77,
76,
S3,
52,
47.
42,
•39,

89
67
47
38
36
37
37
45
91
26
94
79
SO
64
49
31
17
1 1
75
60
27
02
72
47
20
92
20
43
32
15
75
03
23
91
78
40
61

5874
5875
5875
5875
5875
5875
5858
5S40
5824
5810
5305
5799
5800
5801
5801
5801
5801
5801
5801
5S02
5802
5802
5803
5803
5803
5S03
5804
5S05
5805
5806
5307
5309
5317
5332
5337
5843
58 46

.83

.05

.25
,34
.36
.35
.35
.27
.81
.46
.73
.93
.92
.08
.23
.41
.55
.61
.97
. 12
.45
,70
.00
.25
,52
.80
.52
.24
,90
.57
,97
,69
.44
.81
,94
.32
. 1 1



TW-S (COIMT,)

S- 3-84
8- 3-34
8- 3-84
8- 4-84
3- 5-84
8- 6-84
8- 7-84
8- 3-84
8- 9-84
8- 9-84
3-10-84
8-13-34
8-14-84
8-14-84
8-15-84
8-16-34
8-17-84
8-17-84
3-17-34
8-20-84
8-21-34
8-22-84
3-22-84
8-22-84
3-23-84
3-24-34
3-27-84
8-27-34
8-23-84
8-29-34
3-31-34
9- 4-34
9- 6-84
9- 7-84
9-10-84
9-12-84
9-13-84
9-14-34
9-13-34
9-20-84
9-21-84
9-25-84
10- 1-84
10- 4-34
10- 8-34
10-15-84
10-17-84
10-22-84
10-25-34
10-27-34
10-29-84
11- 1-84
11- 3-84
11- 6-84
1 1 - 9-S4
1 1 -16-84
1 1-19-34

1548
1645
1330
738
1106
1010
1336
1310
1053
1602
929
1234
942
1030
942
905
941
1658
1730
325
321
708
926
1326
1015
854
839
1346
923
1519
1103
916
839
1355
842
1517
1423
1001
806
1512
902
1035
1103
1350
943
1020
1530
1530
1030
1415
905
1030
1300
1555
1255
1400
S17

215.653
215.693
215.771
216.318
217.463
218.424
219.567
220,757
221.457
221.668
222.395
225.524
226.404
226 . 433
227.404
228 . 378
229.403
229.707
229 , 729
232.351
233.348
234.297
234.393
234.560
235.427
236.371
239.360
239.574
240.391
241 .638
243.460
247.336
249.360
250.530
253.363
255.637
256,599
257.417
26 1 . 333
263,633
264.376
268,441
274,464
277,576
281 .403
288,431
290,646
295,646
298.433
300,594
302,378
305.433
307.542
310.663
313. 53S
320,533
323.345

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
3
3
3
3
3
2
3
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

32,43
27,42
20.85
10.94
10.05
10.09
10.42
10,62
10.74
10.78
10.85
11. 15
11.20
11.20
11.30
11.30
11.37
16.30
16.28
12.31
13,55
14.64
20.06
27.34
13,00
12.70
12.42
12.42
12.45
12.41
12.45
12,34
12.41
12,40
12.37
12.40
12.40
12.30
12.47
12.43
12.43
12.45
12,50
1 2 , 47
12,52
1 2 , 37
12.32
12,35
12,07
12, 19
12, 12
12,20
12.22
12.22
12.35
12.02
12.17

32.33
27,33
20.78
10.93
10.05
10.09
10,42
10,62
10.73
10,77
10,34
11.14
11. 19
11, 19
11,29
11,29
11,36
16.26
16.24
12.29
13.53
14,61
19.99
27,25
12.93
12.70
12.42
12,42
12,45
12,41
12,38
12,34
12.34
12,40
1 2 , 37
12.40
12,40
12,30
12,47
12,43
12,43
12,45
12.50
12,47
12.52
1 2 . 37
12,32
12.35
12, 07
12. 19
12. 12
12.20
12.22
12.22
12.35
12, 02
12, 17

5853,39
5358.39
5864,94
5374 , 79
5875,67
5875,63
5875,30
5875, 10
5374,99
5374.95
5874.38
5874,53
5874,53
5374.53
5874,43
5874.43
5874,36
5369.46
5869,48
5873,43
5872, 19
5871. 11
5865.73
5858.47
5872,79
5373.02
5373,30
5873.30
5873.27
5873,31
5373.34
5373.33
5373,33
5373,32
5873,35
5373,32
5873,32
5373.42
5873.25
5873.29
5873,29
5373,27
5873,22
5373,25
5873,20
5873,35
5873,40
5873 , 37
5873,65
5373 , 53
5373.60
5373 . 52
5373.50
5S73.50
5373.37
5S73.70
5873,55



TW-S ( C O N T . )

n

11-21-84
11-26-84
11-28-84
11-30-84
12- 3-84
12- 8-84
12-10-84
12-12-84
12-14-84
12-15-84
12-15-84
12-15-84
12-15-84
12-16-84
12-16-84
12-16-84
12-16-84
12-16-84
12-16-84
12-17-84
1-28-85
1-30-85
1-31-85
2- 2-85
2- 4-85
2- 6-85
2-11-85
2-13-85
2-15-85

847
1634
917
957
1412
1635
1005
930
1346
1310
1740
1925
2225
40
245
510
720
850
1215
900
1610
735
1130
850
1315
1050
1040
1115
1055

325.366
330,690
332.387
334.415
337.592
342.691
344.420
346.396
348.574
349.549
349.736
349.809
349.934
350.028
350. 115
350.215
350.306
350 . 368
350.510
35 1 . 375
209.674
211.316
212.479
183,368
185.552
137.451
192.444
194,469
196,455

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

12. 12
12,19
12. 12
12. 15
12. 19
12. 17
12, 17
12.15
12.27
12, 17
12. 17
12.17
12. 17
12. 17
12. 17
12. 19
12. 17
12,17
12, 19
12.27
12.27
12.30
12.40
12,40
12.47
12.37
12.34
12,42 .
12.34

12. 12
12. 19
12. 12
12. 15
12. 19
12. 17
12. 17
12. 15
12.27
12. 17
12. 17
12. 17
12. 17
12. 17
12. 17
12. 19
12. 17
12. 17
12. 19
12.27
12.27
12.30
12.40
12,40
12.47
12,37
12.34
12,42
12.34

5873,60
5373.53
5373.60
5873.57
5373.53
5373.55
5873.55
5873.57
5373.45
5873,55
5373,55
5873,55
5873,55
5873.55
5873.55
5873.53
5873,55
5873.55
5873.53
5873,45
5873.45
5873.42
5873.32
5373.32
5873,25
5873,35
5873.33
5373.30
5873,38



WATER-LEVEL DATA FOR TEST WELL: TW-9

MEASURING POINT (MP)
1 MP ELEVATION = 5385.60 (FT MSL)

MEASURING DEVICE (MD)
2 COLDER ELECTRIC PROBE #2
3 COLDER ELECTRIC PROBE #3

TOP OF PVC

n

DATE

8-23-84
8-24-84
8-27-84
8-27-84
8-28-84
8-29-84
8-30-84
9- 4-84
9- 6-34
9- 7-84
9-10-84
9-11-84
9-12-34
9-13-84
9-19-34
9-20-34
9-24-84
9-25-84
9-27-34
10- 4-34
10- 3-84
10-15-84
10-17-34
10-22-34
10-25-84
10-27-34
10-29-34
11- 1-34
11- 3-84
1 1- 6-34
11- 9-34
1 1-16-84
11-19-84
11-21-84
11-26-84
1 1-23-34
1 1-30-34
12- 3-84
12- 8-34
12-10-34
12-12-84
12-14-34
12-15-84
12-15-34

TIME

815
800
824
1655
847
1525
1013
918
850
1600
345
923
1521
1427
809
1516
1050
1030
1435
1340
950
1020
1530
1530
1030
1415
905
1030
1300
1555
1240
1400
321
347
1634
917
951
1412
1635
1005
930
1342
1310
1740

FRAC.
DAYS
(DAYS)

235,344
236.333
239.350
239.705
240.366
241.642
242.426
247.388
249,363
250.667
253.365
254.391
255.640
256.602
262.340
263.636
267.451
258 , 438
270.608
277.569
28 1 . 4 1 0
283.431
290,646
295.646
293,438
300.594
302.373
305.433
307.542
310,663
313, 523
320,533
323,343
325.366
330,690
332 , 337
334,410
337,592
342,691
344.420
346.396
343,571
349,549
349.736

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
3
3
3
3
2
3
3
1
3
3
3
.3

• 3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

MEAS.
DEPTH
(FT. BMP)

6.67
6,80
6.67
6,68
6,61
6.77
6.71
6.79
6,75
6.76
6.80
6.76
6.81
6,79
6.39
6.73
6.32
6.36
6,82
6,84
7.02
6,33
6,33
6,40
6,53
6,38
6.40
6.55
6.43
6.45
6.54
6,63
6,63
6.63
6.63
6.64
6.63
6.74
6,36
6,31
6 , 77
6.91
6,82
6. 37

CORR,
DEPTH
(FT. BMP)

6.67
6.80
6.67
6.68
6.61
6.77
6,71
6.79
6.73
6,76
6.30
6.76
6.81
6,79
6.89
6.73
6.̂ 82
6.36
6.82
6.34
7.02
6 . 33
6.33
6.40
6.53
6.33
6,40
6.55
6.43
6.45
6.54
6.63
6,63
6.63
6,63
6.64
6,63
6.74
6,36
6,31
6 , 77
6,91
6.32
6 , 37

ELEV.
(FT.MSL)

5878.93
5878.30
5878,93
5873,92
5878.99
5878.83
5878.89
5878.81
5878,86
5878.84
5878.80
5873.84
5878.79
5878,81
5878.71
5878.37
5878.73
5873 . 74
5873.73
5878.76
5378.53
5379.27
5379 . 27
5879.20
5879.07
5879.22
5879.20
5379.05
5379. 17
5879. 15
5379.06
5878,97
5373,97
5878,97
5873,92
5373,96
5878,92
5873,36
5873.74
5373 . 79
5378 , S3
5873.69
5O "7 D TO

l_«/ C t / LJ

5873.73



TW-9 ( C O N T , )

12-15-84
12-15-84
12-16-84
12-16-84
12-16-84
12-16-84
12-16-84
12-16-84
12-17-84
1-28-85
1-30-85
1-31-85
2- 2-85
2- 4-85
2- 6-85
2-11-85
2-13-85
2-15-85

1925
(2225

40
245
570
720
850
1215
900
1610
735
1130
850
1315
1050
1040
1115
1055

349.809
349.934
350.028
350. 1 15
350.257
350.306
350.368
350.510
35 1 , 375
209.674
211.316
212.479
183.368
185.552
187.451
192,444
194.469
196.455

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

6.86
6.86
6.87
6.87
6.87
6.87
6.37
6.86
6.95
7.31
7,87
7.48
7.70
7.58
7.48
7.41
7.55
7.51

6.86
6,86
6.87
6.87
6.87
6.87
6.87
6,86
6.95
7,31
7.87
7.48
7,70
7,58
7,48
7.41
7.55
7,51

5878,74
5878.74
5878,73
5878,73
5878.73
5878.73
5878.73
5878,74
5873.65
5878.29
5877.73
5878. 12
5377,90
5878,02
5873. 12
5878. 19
5878.05
5878.09



WATER-LEVEL DATA FOR TEST WELL: TW-10

MEASURING POINT (MP)
1 MP ELEVATION = 5386.44 (FT MSL)

MEASURING DEVICE (MD)
2 COLDER ELECTRIC PROBE #2
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

: TOP OF 4 IN PVC

DATE

S-31-84
9- 4-84
9- 6-84
9- 7-84
9-10-84
9-11-84
9-12-84
9-13-84
9-14-84
9-19-84
9-20-84
9-21-84
9-24-84
9-27-84
10- 1-34
10- 4-84
10- 3-84
10-15-84
10-17-84
10-22-34
10-25-34
10-27-84
10-29-84
11- 1-84
11- 3-84
11- 6-34
11- 9-34
11-16-34
11-19-34
11-20-34
11-27-34
1 1-29-34
11-30-34
12- 2-34
12- 4-34
12- 6-84
12- 3-34
12-11-34
12-14-34
12-15-34
12-16-34
12-17-34

1 _ TO _ O«^i i_ LJ i_* i_y

TIME

1333
906
857.
1414
850
927
1523
1436
1011
312
1201
909
1045
1445
1100
1345
952
1020
1530
1530
1030
1415
905
1030
1300
1400
1250
1400
321
1115
920
1200
957
1200
1345
1200
1200
1315
1345
1310
1 1 10
1 135
1600

FRAC.
DAYS
( DAYS )

243.565
247,379
249.373
250.593
253.363
254.394
255.641
256.608
257,424
262.342
263.501
264.381
267.448
270,615
274.458
277,573
231 .411
233 . 43 1
290.646
295.646
298,433
300,594
302.373
305.433
307.542
310.533
313,535
320,533
323,343
324,469
331 ,339
333,500
334.415
336,500
333,573
340,500
342.500
345,552
343,573
349.549
350.465
351 .433
209, 567

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
j.

1

MD

2
3
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
5
3
5
5
5
5
3
3
3
3
3
3

MEAS,
DEPTH
(FT. BMP)

14.73
14.76
14.78
14.76
14.80
14,80
14.80
14.80
14.83
14.91
14.93
14.89
14,36
14,87
14.91
14.91
14.96
14.39
14.36
14.85
14.52
14.70
14.60
14,70
14.75
14.80
14.84
14.86
14.91
14.91
15.01
15.00
14.99
15.02
15.04
15.06
15.04
15.06
15.09
15.04
15,04
15, 07
15. 19

CORR.
DEPTH
(FT. BMP)

14.64
14,76
14.69
14.76
14.80
14.80
14.80
14.80
14.83
14.91
14.93
14.89
14,36
14,87
14.91
14.91
14.96
14.89
14.36
14.85
14.52
14.70
14.60
14.70
14,75
14.80
14.84
14.36
14.91
14,91
15.01
15.00
14.99
15.02
15,04
15.06
15.04
15, 06
15. 09
15, 04
15.04
15. 07
15,19

ELEV.
(FT. MSL)

5871,80
5871,68
5871.75
5871.68
5871.64
5871,64
5871,64
5871.64
5871.61
5871.53
5871,51
5871,55
5371,53
5871,57
587 1 , 53
5871,53
5871,48
5371,55
5871,58
5371 ,59
5871,92
5871.74
5371.84
587 1 . 74
5871.69
5371.64
5371.60
5371.53
5871 ,53
5871.53
5871,43
5871,44
5871,45
587 1 , 42
5371,40
537 1 . 33
5871 ,40
5371 .33
537 1 . 35
5371 .40
5371 . 40
537 1 . 37
5S7 1 . 25



TW-10 (CONT,) n

1-30-35 1200 211.500 1 5 15.19 15.19 5871.25
2- 1-35 1200 132.500 1 5 15.18 15.18 5871.26
2- 4-35 1315 185.552 1 3 15.21 15.21 5871.23
2- 6-35 1200 187.500 1 5 15.21 15.21 5871,23 Si
2- 3-85 1200 139.500 1 5 15.20 15.20 5371.24 P
2-11-35 1040 192.444 1 3 15.22 15,22 5371.22
2-13-35 1115 194.469 1 3 15.27 15.27 5871,17
2-15-35 1100 196,453 1 3 15,25 15,25 5871.19

O

o

O

o

o

o

o

o

o



WATER-LEVEL DATA FOR TEST WELL: TW-11

MEASURING POINT (HP)
1 MP ELEVATION = 5933,82 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3

TOP OF 4 IN, PVC CASING

G

DATE

9-12-S4
9-13-84
9-14-84
9-14-84
9-15-84
9-17-84
9-19-84
9-20-84
9-24-84
9-26-84
9-27-84
10- 1-84
10- 8-84
10- 9-84
10-12-84
10-15-84
10-17-84
10-22-84
10-25-84
10-27-84
10-29-84
11- 1-84
11- 3-84
11- 6-84
11-12-84
11-16-84
1 1-19-84
11-21-84
1 1-25-84
11-28-84
1 1-30-84
12- 3-84
12- 8-84
12-10-84
12-12-84
12-15-84
12-15-84
12-15-84
12-15-84
12-16-84
12-16-84
12-16-84
12-16-84
12-16-84
12-16-84

TIME

1000
825
719
1405
830
854
857
1657
1015
1115
1415
844
840
845
830
1000
1540
930
1100
1445
915
1015
1350
1525
1105
1412
840
907
1645
932
1013
1440
1610
1015
1140
1241
1705
1925
2235
30
255
500
705
S35
1030

FRAC.
DAYS
( DAYS )

255.417
256,351
257,305
257,587
258.354
260.371
262,373
263.706
267.427
269.469
270.594
274.364
281,361
282.365
285.354
288.417
290,653
295.396
293.458
300,615
302.385
305,427
307,576
310,642
316,462
320,592
323,361
325,330
330.693
332,397
334.426
337 .611
342,674
344.427
346,486
349,523
349,712
349.809
349,941
350,021
350, 122
350.203
350.295
350.35S
350. 43S

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
r
i
i
i
i
i
i
i
i

MD

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

MEAS,
DEPTH
(FT, BMP)

66. 10
66. 11
66, 11
66.03
65.96
65.65
65.52
65,37
65.25
65.22
65.22
65,29
65,67
65,63
65,60
65,53
65.43
65.39
65.30
65.27
65.39
65,52
65.45
65.57
65.78
65.75
65.73
65.31
65.88
65.91
56,01
66. 14
66,27
66,30
66,26
65,39
66.40
66,39
65,40
66.40
66.40
66.40
66. 42
66.42
66. 40

CORR.
DEPTH
(FT. BMP)

66. 10
66. 11
66. 11
66.03
65,96
65,65
65.52
65.37
65.25
65,22
65.22
65,29
65.67
65.63
65.60
65.53
65.48
65.39
65.30
65.27
65.39
65.52
65,45
65,57
65.78
65.75
65,73
65.81
65.88
65.91
56. 01
66. 14
66.27
66.30
56,26
66,39
66.40
66.39
56.40
66,40
66.40
66. 40
65,42
66. 42
55. 40

ELEV,
(FT. MSL)

5372.72
5372,71
5872,71
5372,79
5872.36
5873. 17
5873,30
5373,45
5373,57
5373,60
5873,60
5873.53
5873. 15
5873. 19
5873.22
5873.29
5373.34
5373.43
5373.52
5373.55
5873.43
5373.30
5873,37
5873.25
5373.04
5873.07
5373.04
5373.01
5372.94
5372 . 9 1
5872.31
5372.63
5372.55
5372.52
5872.55
5372.43
5872.42
5372 . 43
5872.42
5372,42
5372.42
5872,42
5372.40
5372.40
5372.42



TW-1 1 (COIMT. ) „

12-16-34 1205 350.503 1 3 66,40 66,40 5872.42
12-17-84 915 351,335 1 3 66,60 66.60 5372.22
1-29-85 1200 210.500 1 3 67,06 67.06 5871.76
1-31-85 1050 212,451 1 3 67.01 67,01 5871,31 j5
2- 2-85 915 133.335 1 3 66,93 66.93 5871.39 P
2- 4-85 1135 185,433 1 3 66.85 66.85 5871.97
2- 6-85 1030 187.438 1 3 66.76 66.76 5872,06
2-11-85 935 192.399 1 3 67.09 67,09 5871,73
2-13-85 1140 194,486 1 3 67,39 67,39 5371,43
2-15-85 815 196,344 1 3 67,49 67,49 5871.33

O

o

O

o

o

c

o

o
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WATER-LEVEL DATA FOR TEST WELL: TW-12

MEASURING POINT (MP)
1 MP ELEVATION = 5940,13 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

: TOP OF 4 IN, PVC CASING

DATE

9-17-34
9-19-84
9-20-84
9-24-84
9-26-84
9-27-84
10- 1-84
10- 4-84
10- 9-84
10-12-84
10-15-84
10-17-84
10-22-84
10-25-84
10-27-84
10-29-84
11- 1-84
11- 3-84
11- 6-84
11-12-34
11-16-84
11-19-34
11-21-84
11-23-84
1 1-25-84
11-27-84
1 1-28-84
11-30-84
12- 2-84
12- 3-34
12- 4-84
12- 6-84
12- 8-84
12-10-84
12-11-34
12-13-84
12-15-34
12-17-34
1-29-35
1-31-35
2- 2-35
2- 4-35
2- 6-35
2-1 1 -35

TIME

845
841
1654
1010
1105
1410
355
1115
845
830
1000
1540
930
1100
1445
915
1015
1300
1525
1055
1412
340
907
300
1200
1200
939
1200
1200
1330
1325
1200
1200
1200
1400
1200
1200
1440
1200
1050
915

1 135
1030
935

FRAC.
DAYS
(DAYS)

260.365
262,362
263,704
257.424
269,462
270.590
274,372
277.469
282,365
285,354
283,417
290.653
295.396
293.458
300.615
302,335
305,427
307,542
310,642
315,455
320.592
323,361
325,380
327,333
329,500
331,500
332,402
334,500
336,500
337,563
333,559
340,500
342,500
344,500
345,533
347,500
349.500
351 ,611
210,500
212,451
133,335
135.433
137.433
192.399

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
i

MD

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
5
5
5
3
5
5
5
5
5
5
5
3
5
5
3
3
3
3
3
3
o

MEAS.
DEPTH
(FT. BMP)

67.49
67.37
67,22
67,06
67,04
67.04
67. 16
67.27
67.45
67,42
67.34
67.29
67. 19
67. 10
67,06
67, 19
67.33
67,29
67.39
67.58
67,58
67.62
67.63
67.85
67.80
68,03
67.73
67.37
63,01
63.09
63.09
68, 11
63, 12
68, 16
63, 14
63. 15
63,23
63.39
63,90
63.36
63,73
63. 63
63,60
53.99

CORR,
DEPTH
<FT,BMP)

67.49
67.37
67.22
67.06
67.04
67.04
67. 16
67.27
67.45
67.42
67,34
67.29
67. 19
67. 10
67.06
67, 19
67.33
67.29
67.39
67.53
67,58
67,62
67.63
67,35
67.80
63.03
67,73
67,87
63,01
63.09
68. 09
63. 11
63, 12
68. 16
68, 14
68. 15
63,23
63.39
63,90
63,36
63,73
63,63
63,60
63.99

ELEV.
(FT, MSL)

5872.64
5872.76
5872 . 9 1
5873.07
5873.09
5873,09
5872.97
5872.86
5872.68
5872.71
5872.79
5872.84
5872.94
5873,03
5373.07
5372,94
5872.80
5372,84
5872.74
5872.55
5372.55
5372,51
5872,50
5872,28
5872.33
5872. 10
5872.40
5372,26
5872, 12
5872.04
5872.04
5872,02
5372.01
5871.97
5871.99
5871,93
537 1 , 85
587 1 , 74
537 1 , 23
5371 ,27
5371 ,40
5371 .45
SOT 1 «=vZr

LJ / i f ~-J •_•

537 1.14



TW-12 (COIMT.)

2-13-85 1140 194.486 1 3 69.26 69.26 5870.87
2-15-85 815 196.344 1 3 69,31 69.31 5870.82
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pU (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)

TW17A
75951
11-08-84

10
6.97
130
20

6.7
23
7

NA
24

0.16
7

<2.79E-04

mg/1
1.08E-04

< 1
< 1
< 1
< 1
< 0.005
< 0.005
< 0.02
< 0.05
< 0.02
< 0.02
< 0.005
< 0.02
< 0.02
< 0.02
< 0.6

meq/1
1.07E-04
4.99E-02
8.22E-02
4.35E-02
2.56E-02

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

moles/1

2.50E-05
4.11E-05
4.35E-05
2.56E-05
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
3.93E-07
3.06E-07
3.33E-05

(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

mg/1
9

ERR
ERR
ERR

1
0.1

0.19
1

12.66
ERR
ERR
ERR
ERR

23

1.18
9.55%

2.39E-01

meq/1
1.40E-01

ERR

ERR
2.82E-02
5.26E-03
3.52E-03
2.08E-02

ERR
ERR
ERR
ERR

1.98E-OL

moles/1
1.40E-04

ERR
ERR
ERR

2.82E-05
26E-06
52E-06
04E-05
32E-04

ERR
ERR
ERR
ERR

5,
3.
1,
1.



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts^)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammon ium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HS104)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW21A
76010
11-13-84

18
8.38
110
12

6.1
8
11
NA
4

0.86
7

<4.06E-04

mg/1
4.20E-06
< 1
< 1

5
< 1
< 0.005
< 0.005

0.006
< 0.05
< 0.02
< 0.02
< 0.005
< 0.02
< 0.02
< 0.02
< 0.6

9

mg/1
13

ERR
ERR
ERR

1
< 0.1
< 0.19
< 1
< 0.3

ERR
ERR
ERR
ERR

16

6.19
19.58%

meq/1
4.17E-06
4.99E-02
8.22E-02
2.17E-01
2.56E-02

8.90E-05
2.31E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

4.13E-01

meq/1
2.20E-01

ERR

ERR
2.82E-02
5.26E-03
3.52E-03
2.08E-02

ERR
ERR
ERR
ERR

2.78E-01

moles/1

2.50E-05
4.11E-05
2.17E-04
2.56E-05
6.67E-08
4.45E-08
1.15E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
3.93E-07
3.06E-07
3.33E-05

moles/1
2.20E-04

ERR
ERR
ERR

2.82E-05
5.26E-06
3.52E-06
1.04E-05
3.12E-06

ERR
ERR
ERR
ERR
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

.Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HSi04)

Total

TW2
77450
2-21-85

19
6.71
197
700

7.4
1020
430
NA
709
0.27
514

1.66E-02

mg/1
1.97E-04

112
57
14
5

0.005
0.005
0.02
0.02
0.05
0.02
0.02
0.005
0.02
0.05
0.58

189

mg/1
524
ERR
ERR
ERR
21

0.27
18.43

56

meq/1
1.95E-04
5.59E+00
4.69E+00
6.09E-01
1.28E-01

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

1.77E-02

1.10E+01

raeq/1
8.59E+00

ERR
ERR
ERR

5.92E-01
1.42E-02
3.41E-01
1.17E+00

moles/1

2.79E-03
2.34E-03
6.09E-04
1.28E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
8.87E-06

raoles/1
8.59E-03

ERR
ERR
ERR

5.92E-04
1.42E-05
3.41E-04
5.83E-04

620 1.07E+01

Dissolved Solid Ratio
Cation-Anion Balance

1.14
1.53%



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu) (

Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide. (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3S104)
(H2S104)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW3
77451
2-27-85

14
6.03

6
1110

6.5
1710
954
NA

1240
0.46
912

3.20E-02

mg/1
9.41E-04

118
150
32
14

: 0.005
: 0.005
: 0.02
: 0.02

15.10
: 0.02

0.27
: 0.005
: 0.02
: 0.05

0.05

330

mg/1
1163
ERR
ERR
ERR
30
0.4

: 0.19
98

meq/1
9.33E-04
5.89E+00
1.23E+01
1.39E+00
3.58E-01

8.90E-05
7.69E-04
6.10E-04
6.76E-01
1.93E-04
9.83E-03

1.85E-04

1.53E-03

2.07E+01

raeq/1
1.91E+01

ERR
ERR
ERR

8.46E-01
2.11E-02
3.52E-03
2.04E+00

moles/1

2.94E-03
6.17E-03
1.39E-03
3.58E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
2.70E-04
9.65E-08
4.91E-06
6.33E-08
1.85E-07
9.82E-07
7.65E-07

moles/1
1.91E-02

ERR
ERR
ERR

8.46E-04
2.11E-05
3.52E-06
1.02E-03

1292

1.31
3.06%

2.20E+01
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Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

'*.

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium.(NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HS104)

Total

TW4
77452
2-27-85

12
6.14

7
900

6.7
1880
1020
NA

1250
0.49
1036

3.52E-02

mg/1
7.30E-04

128
174
36
16

0.005
0.005
0.02

: 0.02
15.50
0.02
0.60

; 0.005
0.02
0.05
0.08

370

mg/1
1243
ERR
ERR
ERR
27
0.4
0.19
96

meq/1
7.24E-04
6.39E+00
1.43E+01
1.57E+00
4.09E-01

8.90E-05
7.69E-04
6.10E-04
6.94E-01
1.93E-04
2.18E-02

1.85E-04

2.45E-03

2.34E+01

raeq/1
2.04E+01

ERR
ERR
ERR

7.62E-01
2.11E-02
3.57E-03
2.00E+00

moles/1

3.19E-03
7.16E-03
1.57E-03
4.09E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
2.78E-04
9.65E-08
1.09E-05
6.33E-08
1.85E-07
9.82E-07
1.22E-06

moles/1
2.04E-02

ERR
ERR
ERR

7.62E-04
2.11E-05
3.57E-06
9.99E-04

1367 2.32E+01

Dissolved Solid Ratio
Cation-Anion Balance

1.39
0.50%



^ — ~~.--j nim-tysis
i Monsanto, Inc.
! Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:{:

( Field Measurements
Temperature( C)

'* pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (mlcromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As) <
Cadmium (Cd)
Chromium (Cr) <
Copper (Cu) <
Iron (Fe) <
Lead (Pb) <
Manganese (Mn)
Selenium (Se)
Silver (Ag) <
Vanadium (V) - <
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HSi04)

TW5
77261
2-19-85

14
6.72
32

1550

6.8
2870
314
NA .

1900
2.44
867

4.32E-02

mg/1 meq/1
1.92E-04 1.91E-04

166 8.28E+00
110 9.05E+00
165 7.18E+00
130 3.32E+00

0.005
0.348 6.19E-03
0.02 7.69E-04
0.02 6.10E-04
0.05 2.24E-03
0.02 1.93E-04
4.48 1.63E-01
0.010
0.02 1.85E-04
0.05
1.16 3.55E-02

577 2.80E+01

mg/1 meq/1
383 6.27E-H30
ERR ERR
ERR ERR
ERR ERR
230 6.49E-H)0
12.3 6.47E-01
45.1 8.35E-01
640 1.33E+01

moles/1

4.14E-03
4.52E-03
7 .18E-03
3.32E-03
6.67E-08
3.10E-06
3.85E-07
3.05E-07
9 9-5F-07\J • J J U \J /

9.65E-08
8.15E-05
1.27E-07
1 .85E-07
9.82E-07
1.77E-05

moles/1
6.27E-03

ERR
FRRl_i£VIV

PRPHi nov

6 49E-OTU * *T S U \J J

6.47E-04
8.35E-04
6.66E-03

Total

Dissolved Solid Ratio
Cation-Anion Balance

1 ; •-. .-;-r ~7?rrTv-

1310 2.76E+01

0.99
0.85%
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (-micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammon ium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3S104)
(H2S104)
(HS104)

Total

TW6
77262
2-19-85

14
6.92

13
1550

7.0
2660
355
NA

1870
2.48
882

4.37E-02

mg/1
1.21E-04

172
110
169
129

: 0.005
0.007
0.02
0.02
1.95
0.02
5.68
0.026

: 0.02
0.05
1.48

589

mg/1
433
ERR
ERR
ERR
230
14.4

38.51
622

meq/1
1.20E-04
8.58E+00
9.05E+00
7.35E+00
3.30E+00

1.25E-04
7.69E-04
6.10E-04
8.73E-02
1.93E-04
2.07E-01

1.85E-04

4.53E-02

2.86E+01

meq/1
7.09E+00

ERR
ERR
ERR

6.49E+00
7.58E-01
7.13E-01
1.30E+01

moles/1

4.29E-03
4.52E-03
7.35E-03
3.30E-03
6.67E-08
6.23E-08
3.85E-07
3.05E-07
3.49E-05
9.65E-08
1 .03E-04
3.29E-07
1.85E-07
9.82E-07
2.26E-05

raoles/1
7.09E-03

ERR
ERR
ERR

6.49E-03
7.58E-04
7.13E-04
6.48E-03

1338 2.80E+01

Dissolved Solid Ratio
Cation-Anion Balance

1.03
1.09%



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pU (standard units)
Eh (millivolts.)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

TW7
77453
2-27-85

15
6.34
97

1230

7.3
1820
979
NA

1210
0.53
1065

3.50E-02

mg/1
4.61E-04

100
198
40
20

: 0.005
: o.oos
: 0.02
: 0.02

4.03
: 0.02

0.23
: 0.005
: 0.02
: 0.05
: 0.02

meq/l
4.57E-04
4.99E+00
1.63E+01
1.74E+00
5.12E-01

8.90E-05
7.69E-04
6.10E-04
1.80E-01
1.93E-04
8.37E-03

1.85E-04

6.12E-04

moles /I

2.50E-03
8.14E-03
1.74E-03
5.12E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
7.22E-05
9.65E-08
4.19E-06
6.33E-08
1.85E-07
9.82E-07
3.06E-07

362 2.37E+01

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HS104)

Total

mg/1
1193
ERR
ERR
ERR
40

0.37
0.19
98

raeq/1
1.96E+01

ERR
ERR
ERR

1.13E+00
1.95E-02
3.57E-03
2.04E+00

raoles/1
1.96E-02

ERR
ERR
ERR

1.13E-03
1.95E-05
3.57E-06
1.02E-03

1332 2.27E+01

Dissolved Solid Ratio
Cation-Anion Balance

1.40
2.08%
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pU (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)

Total

TW8
77455
2-27-85

13
6.28
27

1600

7.3
2430
1490
NA

1620
0.59
1439

4.64E-02

mg/1
5.29E-04

54
317
51
22

0.005
: 0.005

0.02
: 0.02

3.95
0.03
0.02
0.005
0.02
0.05
0.07

448

mg/1
1816
ERR
ERR
ERR
16

0.32
0.19
44

meq/1
5.25E-04
2.69E+00
2.61E+01'
2.22E+00
5.63E-01

8.90E-05
7.69E-04
6.10E-04
1.77E-01
2.90E-04
7.28E-04

1.85E-04

2.14E-03

3.17E-KH

meq/1
2.98E+01

ERR
ERR
ERR

4.51E-01
1.68E-02
3.57E-03
9.16E-01

'

moles/1

1.35E-03
1.30E-02
2.22E-03
5.63E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
7.07E-05
1.45E-07
3.64E-07
6.33E-08
1.85E-07
9.82E-07
1.07E-06

moles/1
2.98E-02

ERR
ERR
ERR

4.51E-04
1.68E-05
3.57E-06
4.58E-04

1877 3.12E+01

Dissolved Solid Ratio
Cation-Anion Balance

1.44
0.91%



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity Xmicromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

,(H3Si04)
(H2S104)
(HS104)

• Total

Dissolved Solid Ratio
Cation-Anion Balance

o

TW9
77456
2-27-85

15
6.15
87

1350

6.7
1930
1060
NA

1270
0.52
1103

3.67E-02

mg/1
7.14E-04

150
177
40
16

: 0.005
: 0.005
: 0.02
: 0.02

8.76
0.02
0.42

: 0.005
: 0.02
: 0.05

0.05

392

mg/1
1292
ERR
ERR
ERR
27

0.42
: 0.19

102

meq/1
7.08E-04
7.49E+00
1.46E+01
1.74E+00
4.09E-01

8.90E-05
7.69E-04
6.10E-04
3.92E-01
1.93E-04
1.53E-02

1.85E-04

1.53E-03

2.46E+01

raeq/1
2.12E+01

ERR
ERR
ERR

7.62E-01
2.21E-02
3.57E-03
2.12E+00

moles/1

3.74E-03
7.28E-03
1.74E-03
4.09E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
1.57E-04
9.65E-08
7.64E-06
6.33E-08
1.85E-07
9.82E-07
7.65E-07

raoles/1
2.12E-02

ERR
ERR
ERR

7 .62E-04
2.21E-05
3.57E-06
1.06E-03

O

o

o

1422

1.43
1.06%

2.41E-HU
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3S104)
(H2Si04)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW10
77457
2-21-85

12
6.69
180

' 850

7.6
1520
648
NA

1020
0.84
774

2.71E-02

mg/1
2.06E-04

114
119
54
14

0.005
0.005
0.02
0.02
0.05
0.02
0.53
0.005
0.02
0.05
0.04

302

mg/1
790
ERR
ERR
ERR
107
1.17
9.48
101

meq/1
2.04E-04
5.69E+00
9.79E+00
2.35E+00
3.58E-01

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
1.93E-02

1.85E-04

1.22E-03

1.82E+01

meq/1
1.29E-H)!

ERR
ERR
ERR

3.02E+00
6.16E-02
1.76E-01
2.10E-J-00

moles/1

2.84E-03
4.90E-03
2.35E-03
3.58E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
9.65E-06
6.33E-08
1.85E-07
9.82E-07
6.12E-07

moles/1
1.29E-02

ERR
ERR
ERR

3.02E-03
6.16E-05
1.76E-04
1.05E-03

1009

1.28
0.27%

1.83E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaĈ j
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbona te(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

/cm)

rcm)
CaC03/l)
103/1)
mg/1)

C03/1)

<
<
<
<
<
<
<
<
<
<
<

!H2C03)

TW11
77458
2-28-85

20
7.49
70

1230

7.7
1450
422
NA

1020
1.78
606

2.43E-02

mg/1
3.26E-05

147
58
101
7

0.005
0.005
0.02
0.02
0.05
0.02
0.02
0.005
0.02
0.05
0.02

313

rag/1
514
ERR
ERR
ERR
107

0.27
17.46
195

meq/1
3.24E-05
7.34E+00
4.77E+00
4.39E+00
1.79E-01

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04

1.67E+01

meq/1
8.43E+00

ERR
ERR
ERR

3.02E+00
1.42E-02
3.23E-01
4.06E+00

raoles/1

3.67E-03
2.39E-03
4.-39E-03
1.79E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
3.06E-07

raoles/1
8.43E-03

ERR
ERR
ERR

3.02E-03
1.42E-05
3.23E-04
2.03E-03

834

1.12
2.57%

1.58E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4S104)

(H3Si04)
(H2Si04)
(HS104)

Total

TW16
77462
2-22-85

15
6.78
120
875

7.2
1710
514
NA

1090
1.8
643

2.64E-02

mg/1
1.67E-04

124
81
105
14

0.027
1.490
0.02
0.02
0.05
0.03
0.20
0.173
0.02
0.24
5.71

332

mg/1
627
ERR
ERR
ERR
115

8.05
9.92
194

meq/1
1.66E-04
6.19E-KH)
6.66E+00
4.57E+00
3.58E-01

2.65E-02
7.69E-04
6.10E-04
2.24E-03
2.90E-04
7.28E-03

1.85E-04

1.75E-01

1.80E+01

meq/1
1.03E+01

ERR
ERR
ERR

3.24E400
4.24E-01
1.84E-01
4.04E-K)0

moles/1

3.09E-03
3.33E-03
4.57E-03
3.58E-04
3.60E-07
1.33E-05
3.85E-07
3.05E-07
8.95E-07
1.45E-07
3.64E-06
2.19E-06
1.85E-07
4.71E-06
8.73E-05

moles/1
1.03E-02

ERR
ERR
ERR

3.24E-03
4.24E-04
1.84E-04
2.02E-03

954 1.82E+01

Dissolved Solid Ratio
Cation-Anion Balance

1.18
0.48%



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW17
77463
2-25-85

13
6.45

18
1050

7.7
2150
349
NA

1410
2.02
835

3.44E-02

mg/1
3.58E-04

61
166
134
21

: 0.005
0.027

: 0.02
0.02

: 0.05
0.02
1.29

0.012
: 0.02

0.05
0.1

384

mg/1
425
ERR
ERR
ERR
302

6.61
1.43
316

meq/1
3.55E-04
3.04E+00
1.37E+01
5.83E+00
5.37E-01

4.80E-04
7.69E-04
6.10E-04
2.24E-03
1.93E-04
4.70E-02

1.85E-04

3.06E-03

2.31E+01

meq/1
6.97E+00

ERR
ERR
ERR

8.52E+00
3.48E-01
2.64E-02
6.58E+00

moles/1

1.52E-03
6.83E-03
5.83E-03
5.37E-04
6.67E-08
2.40E-07
3.85E-07
3.05E-07
8.95E-07
9.65E-08
2.35E-05
1.52E-07
1.85E-07
9.82E-07
1.53E-06

raoles/1
6.97E-03

ERR
ERR
ERR

8.52E-03
3.48E-04
2.64E-05
3.29E-03

1051

1.02
1.47%

2.24E+01

••r •



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HSi04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW12
77459
2-28-85

20
7.6
83

2325

7.7
2770
414
NA

1770
5.14
724

4.22E-02

mg/1
2.53E-05

178
68
318
8

; 0.005
0.005

: 0.02
0.02

: 0.05
: 0.02

0.08
0.005
0.02
0.67
0.02

573

mg/1
505
ERR
ERR
ERR
302

0.28
33.38
574

meq/1
2.51E-05
8.88E+00
5.59E+00
1.38E+01
2.05E-01

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
2.91E-03

1.85E-04

6.12E-04

2.85E+01

raeq/1
8.27E+00

ERR
ERR
ERR

8.52E+00
1.47E-02
6.18E-01
1.20E+01

,

raoles/1

4.44E-03
2.80E-03
1.38E-02
2.05E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
1.46E-06
6.33E-08
1.85E-07
1.32E-05
3.06E-07

raoles/1
8.27E-03

ERR
ERR
ERR

8.52E-03
1.47E-05
6.18E-04
5.98E-03

1414

1.12
1.48%

2.94E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammon ium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4S104)

(H3S104)
(H2S104)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW13
77263
2-19-85

15
7.12
93
625

7.4
900
411
NA
512
0.12
489

1.52E-02

mg/1
7.65E-05

120
46
6
3

: 0.005
: 0.005
: 0.02
: 0.02
: 0.05
: 0.02

0.06
: o.oos
: 0.02
: 0.05

0.03

175

mg/1
501
ERR
ERR
ERR
10

0.45
14.61

43

meq/1
7 .59E-05
5.99E+00
3.78E-K)0
2.61E-01
7.67E-02

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
2.18E-03

1.85E-04

9.18E-04

1.01E+01

meq/1
8.21E+00

ERR
ERR
ERR

2.82E-01
2.37E-02
2.71E-01
8.95E-01

raoles/1

2.99E-03
1.89E-03
2.61E-04
7.67E-05
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
1.09E-06
6.33E-08
1.85E-07
9.82E-07
4.59E-07

moles/1
8.21E-03

ERR
ERR
ERR

2.82E-04
2.37E-05
2.71E-04
4.48E-04

569

1.45
2.19%

9.68E+00
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification: TW14
Laboratory Number: 77460
Date Sampled: 2-21-85

Field Measurements
Temperature( C) 11
pH (standard units) 7.1
Eh (millivolts) 214
Conductivity (mlcromhos/cm) 450

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total 154

Anions mg/1
Bicarbonate(HC03) 472
Carbonate (C03) ERR
Dissolved Carbon Dioxide (H2C03) ERR
Hydroxide (OH) ERR
Chloride (Cl) 8
Fluoride (F) 0.35
Nitrate + Nitrite (NOX) 14.26
Sulfate (S04) 18
Dissolved Silica (H4Si04)

(H3S104)
(H2S104)
(HSi04)

Total 512

Dissolved Solid Ratio 1.25
Cation-Anion Balance 1.55%

7.6
850
387
NA
532

0.17
424

1.32E-02

mg/1
8.01E-05

104
40
8
2

: 0.005
: 0.005
: 0.02
: 0.02

0.08
: 0.02
: 0.02
: 0.005
: 0.02
: 0.05
: 0.02

meq/l
7.94E-05
5.19E+00
3.29E+00
3.48E-01
5.12E-02

8.90E-05
7.69E-04
6.10E-04
3.58E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04

moles/1

2.59E-03
1.65E-03
3.48E-04
5.12E-05
6.67E-08
4.45E-08
3.85E-07
3.05E-07
1.43E-06
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
3.06E-07

8.89E+00

raeq/1
7.73E+00

ERR
ERR
ERR

2.26E-01
1.84E-02
2.64E-01
3.75E-01

moles/1
7.73E-03

ERR
ERR
ERR

2.26E-04
1.84E-05
2.64E-04
1.87E-04

8.61E+00



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3S104)
(H2S104)
(HS104)

Total

TW15
77264
2-19-85

14
7.7
89
525

8.1
867
426
NA
480
0.12
509

1.58E-02

mg/1
2.01E-05

133
43
6
3

: 0.005
: o.oos
: 0.02
: 0.02
: 0.05
; 0.02
: 0.02
: 0.005
: 0.02
: 0.05
: 0.02

185

mg/1
519
ERR
ERR
ERR
11

0.74
14.61

43

meq/1 '
2.00E-05
6.64E+00
3.54E+00
2.61E-01
7.67E-02

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04

1.05E+01

meq/1
8.51E+00

ERR
ERR
ERR

3.10E-01
3.89E-02
2.71E-01
8.95E-01

moles/1

3.32E-03
1.77E-03
2.61E-04
7.67E-05
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
3.06E-07

moles/1
8.51E-03

ERR
ERR
ERR

3.10E-04
3.89E-05
2.71E-04
4.48E-04

589 l.OOE+01

Dissolved Solid Ratio
Cation-Anion Balance

1.61
2.39%
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW18
77464
2-22-85

14
6.28
34
950

6.7
1820
1030
NA

1180
0.51
1009

3.27E-02

mg/1
5.29E-04

81
196
37
16

: 0.005
0.006

: 0.02
: 0.02

5.68
: 0.02

0.16
0.005

: 0.02
0.05
0.03

336

mg/1
1256
ERR
ERR
ERR
20

0.32
0.19
32

meq/1
5.25E-04
4.04E+00
1.61E+01
1.61E+00
4.09E-01

1.07E-04
7.69E-04
6.10E-04
2.54E-01
1.93E-04
5.82E-03

1.85E-04

9.18E-04

2.24E+01

meq/1
2.06E-KH

ERR
ERR
ERR

5.64E-01
1.68E-02
3.57E-03
6.66E-01

moles/1

2.02E-03
8.06E-03
1.61E-03
4.09E-04
6.67E-08
5.34E-08
3.85E-07
3.05E-07
1.02E-04
9.65E-08
2.91E-06
6.33E-08
1.85E-07
9.82E-07
4.59E-07

moles/1
2.06E-02

ERR
ERR
ERR

5.64E-04
1.68E-05
3.57E-06
3.33E-04

1308

1.39
1.39%

2.18E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

PW1
77488
2-26-85

15
6.84
87
830

7.1
1380
419
NA
922
1.21
629

2.39E-02

mg/1
1.46E-04

135
71
70
19

0.008
0.201

: 0.02
; 0.02
: 0.05
: 0.02
: 0.02

0.025
: 0.02
: 0.05

0.24

296

mg/1
511
ERR
ERR
ERR
109
1.6

25.14
172

meq/1
1.45E-04
6.74E+00
5.84E+00
3.04E+00
4.86E-01

3.58E-03
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

7.34E-03

1.61E+01

meq/1
8.37E+00

ERR
ERR
ERR

3.07E+00
8.42E-02
4.65E-01
3.58E+00

raoles/1

3.37E-03
2.92E-03
3.04E-03
4.86E-04
1.07E-07
1.79E-06
3.85E-07
3.05E-07
8»95E-07
9.65E-08
3.64E-07
3.17E-07
1.85E-07
9.82E-07
3.67E-06

raoles/1
8.37E-03

ERR
ERR
ERR

3.07E-03
8.42E-05
4.65E-04
1.79E-03

819

1.21
1.72%

1.56E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts).
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (microrahos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

PW2
77489
2-26-85

15
6.56
39
650

7.1
1260
416
NA
754

0.69
572

1.97E-02

mg/1
2.78E-04

127
62
38
10

0.005
0.027

: 0.02
0.02
0.05
0.02
0.02
0.009
0.02
0.05
0.02

237

rag/1'
507
ERR
ERR
ERR
58

0.79
23.52
100

meq/1
2.75E-04
6.34E+00
5 . 10E+00
1.65E+00
2.56E-01

4.80E-04
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
O.OOE+00

1.34E+01

meq/1
8.31E+00

ERR

ERR
1.64E+00
4.16E-02
4.35E-01
2.08E+00

moles/1

3.17E-03
2.55E-03
1.65E-03
2.56E-04
6.67E-08
2.40E-07
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
1.14E-07
1.85E-07
9.82E-07
3.06E-07
O.OOE+00

moles/ 1
8.31E-03

ERR
ERR
ERR

1.64E-03
4.16E-05
4.35E-04
1.04E-03

689

1.23
3.27%

1.25E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (microrahos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3S104)
(H2S104)
(HSi04)

Total

Dissolved Solid Ratio
Catioo-Anion Balance

PW3
77490
2-23-85

16
6.45
166
700

7.2
1040
410
NA
675
0.54
551

1.84E-02

mg/1
3.58E-04

125
58
29
9

: 0.005
0.016

: 0.02
: 0.02
: 0.05
: 0.02
: 0.02
: o.oos
: 0.02
: 0.05

0.02

221

mg/1
500
ERR
ERR
ERR
45

0.58
20.74

84

meq/1
3.55E-04
6.24E+00
4.77E+00
1.26E+00
2.30E-01

2.85E-04
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04

1.25E+01

meq/1
8.19E-K)0

ERR
ERR
ERR

1.27E+00
3.05E-02
3.84E-01
1.75E+00

moles/1

3.12E-03
2.39E-03
1.26E-03
2.30E-04
6.67E-08
1.42E-07
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
3.06E-07

raoles/1
8.19E-03

ERR
ERR
ERR

1.27E-03
3.05E-05
3.84E-04
8.74E-04

650

1.29
3.65%

1.16E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW19
77465
2-20-85

11
7.2
169
900

7.5
1300
331
NA
942

0.72
619

2.35E-02

mg/1
6.36E-05

121
77
41
6

0.006
: o.oos
: 0.02

0.02
: 0.05

0.02
: 0.02

0.005
: 0.02

0.05
: 0.02

245

mg/1
403
ERR
ERR
ERR
69

1.37
29.72
266

meq/1
6.31E-05
6.04E+00
6.33E+00
1.78E+00
1.53E-01

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04

1.43E+01

meq/1
6.61E+00

ERR
ERR
ERR

1.95E+00
7.21E-02
5.50E-01
5.54E-KX)

moles/1

3.02E-03
3.17E-03
1.78E-03
1.53E-04
8.01E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
3.06E-07

moles/1
6.61E-03

ERR
ERR
ERR

1.95E-03
7.21E-05
5.50E-04
2.77E-03

770

1.08
1.40%

1.47E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (microrahos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3S104)
(H2S104)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW20
77466
2-24-85

13
6.51
129
625

7.6
1190
269
NA
868
0.88
513

2.04E-02

mg/1
3.12E-04

105
61
46
24

: 0.005
: o.oos

0.02
: 0.02
: 0.05
: 0.02
: 0.02

0.006
: 0.02
: 0.05

0.06

meq/1
3.09E-04
5.24E400
5.02E+00
2.00E+00
6.14E-01

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

1 .84E-03

moles/1

2.62E-03
2.51E-03
2.00E-03
6.14E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
7.60E-08
1.85E-07
9.82E-07
9.18E-07

236 1.29E+01

mg/1
328
ERR
ERR
ERR
63

2.68
6.73
244

meq/1
5.37E+00

ERR
ERR
ERR

1.78E400
1.41E-01
1.25E-01
5.08E+00

moles/1
5.37E-03

ERR
ERR
ERR

1.78E-03
1.41E-04
1.25E-04
2.54E-03

644

1.01
1.50%

1.25E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammon ium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HSi04)

local

Dissolved Solid Ratio
Cation-Anion Balance

TW21
77467
2-25-85

15
6.3

1
1110

7.0
1930
1090
NA

1220
0.42
1090

3.47E-02

mg/1
5.05E-04

51
234
32
16

: 0.005
0.005

: 0.02
0.02
4.98
0.02

: 0.02
0.005
0.02
0.05
0.04

338

mg/1
1329
ERR
ERR
ERR
20

0.26
0.27

28

meq/1
5.01E-04
2.54E+00
1.92E+01
1.39E+00
4.09E-01

8.90E-05
7.69E-04
6.10E-04
2.23E-01
1.93E-04
7.28E-04

1.85E-04

1.22E-03

2.38E+01

meq/1
2.18E+01

ERR
ERR
ERR

5.64E-01
1.37E-02
5.00E-03
5.83E-01

moles/1

1.27E-03
9.63E-03
1.39E-03
4.09E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.92E-05
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
6.12E-07

raoles/1
2.18E-02

ERR
ERR
ERR

5.64E-04
1.37E-05
5.00E-06
2.91E-04

1377

1.41
1.87%

2.29E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)

TW22
77265
2-18-85

14
8.09
-49
1800

8.0
2840
240
NA

2120
2.13
1139

5.29E-02

mg/1
8.19E-06

250
125
165
84

0.007
0.018

< 0.02
< 0.02
< 0.05
< 0.02

0.40
0.016

< 0.02
0.07
0.04

625

mg/1
293
ERR
ERR
ERR
232

12.30
48.57
912

meq/1
8.13E-06
1.25E+01
1.03E+01
7.18E400
2.15E+00

3.20E-04
7.69E-04
6.10E-04
2.24E-03
1.93E-04
1.46E-02

1.85E-04

1.22E-03

3.21E+01

meq/1
4.79E-KX)

ERR
ERR
ERR

6.54E+00
6.47E-01
8.99E-01
1.90E+01

moles/1

6.24E-03
5.14E-03
7.18E-03
2.15E-03
9.34E-08
1.60E-07
3.85E-07
3.05E-07
8.95E-07
9.65E-08
7.28E-06
2.03E-07
1.85E-07
1.37E-06
6.12E-07

raoles/1
4.79E-03

ERR
ERR
ERR

6.54E-03
6.47E-04
8.99E-04
9.49E-03

0

P;.

P

0

o
''•':'

O

0

o

0

o
.jji:

o

Total

Dissolved Solid Ratio
Cation-Anion Balance

1497

1.00
0.35%

3.19E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammo n ium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3S104)
(H2S104)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW23
77266
2-18-85

12
6.5
-4

1210

6.8
2000
618
NA

1430
0.54
1104

3.99E-02

mg/1
3.19E-04

180
159
41
20

0.005
0.013
0.02

: 0.02
5.28

: 0.02
0.19

: o.oos
0.02

: 0.05
0.07

meq/1
3.16E-04
8.98E+00
1.31E401
1.78E+00
5.12E-01

2.31E-04
7.69E-04
6.10E-04
2.36E-01
1.93E-04
6.92E-03

1.85E-04

2.14E-03

moles/1

4.49E-03
6.54E-03
1.78E-03
5.12E-04
6.67E-08
1.16E-07
3.85E-07
3.05E-07
9.45E-05
9.65E-08
3.46E-06
6.33E-08
1.85E-07
9.82E-07
1.07E-06

406

mg/1
753
ERR
ERR
ERR
83

1.47
0.19
431

2.46E+01

meq/1
1.23E-K)!

ERR
ERR
ERR

2.34E+00
7.74E-02
3.57E-03
8.97E+00

moles/1
1.23E-02

ERR
ERR
ERR

2.34E-03
7.74E-05
3.57E-06
4.49E-03

1269

1.17
1.78%

2.37E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pU (standard units)
Eh (millivolts)
Conductivity (micromhos/cm) ,

Laboratory Measurements
pU (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HSi04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW24
77267
2-18-85

12
11.24
-76
2020

11.3
2710
275
NA

1710
2.69
877
ERR

mg/1
80E-09

348
2

183
97

0.005
0.007
0.02
0.02
0.06
0.02
0.02
0.016
0.02
0.05
0.03

meq/1
5.75E-09
1.74E+01
1.64E-01
7.96E+00
2.48E+00

1.25E-04
7.69E-04
6.10E-04
2.69E-03
1.93E-04
7.28E-04

1.85E-04

9.18E-04

moles/1

8.68E-03
8.23E-05
7.96E-03
2.48E-03
6.67E-08
6.23E-08
3.85E-07
3.05E-07
1.07E-06
9.65E-08
3.64E-07
2.03E-07
1.85E-07
9.82E-07
4.59E-07

630 2.80E+01

mg/1
ERR
119
ERR
26
227
4.6

35.74
641

meq/1
ERR

3.97E+00
ERR

1 .53E+00
6.40E+00
2.42E-01
6.62E-01
1.33E+01

moles/1
ERR

1.98E-03
ERR

1 .53E-03
6.40E-03
2.42E-04
6.62E-04
6.67E-03

1053

0.98
3.38%

2.61E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pU (standard units)
Eh (millivolts)
Conductivity (raicromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HSi04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW25
77468
3-02-85

22
9.4
33

1180

9.0
1710
605
NA

1300
0.5
1084

3.63E-02

mg/1
4.01E-07

55
230
38
6

: 0.005
0.005
0.02

: 0.02
0.05

: 0.02
0.02

: o.oos
0.02
0.05
0.02

329

mg/1
563
86
ERR
ERR
115

0.32
0.19
360

meq/1
3.98E-07
2.74E+00
1.89E-H)!
1.65E+00
1.53E-01

8.90E-05
7 .69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04

2.35E+01

meq/1
9.23E+00
2.87E+00

ERR
ERR

3.24E-H)0
1.68E-02
3.57E-03
7.50E+00

moles/1

1 .37E-03
9.46E-03
1.65E-03
1.53E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
3.06E-07

raoles/1
9.23E-03
1.43E-03

ERR
ERR

3.24E-03
1.68E-05
3.57E-06
3.75E-03

1125

1.12
1.33%

2.29E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW26
77469
3-01-85

15
6.86

79
cm) 1390

7.6
cm) 2040
CaC03/l) 339
103/1) NA
mg/1) 1560

1.16
LC03/1) 988

3.92E-02

mg/1
1.39E-04

117
169
84
16

< 0.005
< 0.005
< 0.02
< 0.02
< 0.05
< 0.02

1.15
0.006

< 0.02
< 0.05

0.07

387

mg/1
413
ERR

• (H2C03) ERR
ERR
179
0.76
27.56
536

raeq/1
1.38E-04
5.84E+00
1.39E+01
3.65E+00
4.09E-01

8 .90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
4.19E-02

1.85E-04

2.14E-03

2.38E+01

meq/1
6.77E+00

ERR
ERR
ERR

5.05E+00
4.00E-02
5.10E-01
1.12E+01

moles/1

2.92E-03
6.95E-03
3.65E-03
4.09E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
2.09E-05
7 .60E-08
1.85E-07
9.82E-07
1.07E-06

moles/1
6.77E-03

ERR
ERR
ERR

5.05E-03
4.00E-05
5 . 10E-04
5.58E-03

0

0

0

o
ji;

o

o

o

o

o

1157

0.99
0.67%

2.35E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW27
77470
2-24-85

14
6.35
121
990

7.5
1710
254
NA

1310
1.96
687

3.17E-02

mg/1
4.50E-04

168
65
118
17

0.006
0.023

: „ 0.02
: 0.02
: 0.05
; 0.02

0.15
0.028
0.02

: 0.05
0.09

368

mg/1
310
ERR
ERR
ERR
65

2.68
46.26
538

meq/1
4.47E-04
8.38E+00
5.35E-K)0
5.13E+00
4.35E-01

4.09E-04
7.69E-04
6.10E-04
2.24E-03
1.93E-04
5.46E-03

1.85E-04

2.75E-03

1.93E+01

meq/1
5.07E400

ERR
ERR
ERR

1.83E+00
1.41E-01
8.57E-01
1.12E+01

moles/1

4.19E-03
2.67E-03
5.13E-03
4.35E-04
8.01E-08
2.05E-07
3.85E-07
3.05E-07
8.95E-07
9.65E-08
2.73E-06
3.55E-07
1 .85E-07
9.82E-07
1.38E-06

moles/1
5.07E-03

ERR
ERR
ERR

1.83E-03
1.41E-04
8.57E-04
5.60E-03

962

1.02
0.53%

1.91E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pU (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pU (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4S104)

(H3S104)
(H2S104)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW28
77471
2-23-85

14
6.05
158
825

7.1
1460
736
NA

1080
0.29
821

2.64E-02

mg/1
8.98E-04

182
89
19
6

C 0.005
0.013

C 0.02
C 0.02
< 0.05
C 0.02
< 0.02
C 0.005
a 0.02
C 0.05

0.07

296

mg/1
897
ERR
ERR
ERR
27

0.22
14.19

78

meq/1
8.91E-04
9.08E+00
7 .32E+00
8.26E-01
1.53E-01

2.31E-04
7.69E-04
6 . 10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

2.14E-03

1.74E+01

meq/1
1.47E+01

ERR
ERR
ERR

7.62E-01
1.16E-02
2.63E-01
1.62E+00

moles/1

4.54E-03
3.66E-03
8.26E-04
1.53E-04
6.67E-08
1.16E-07
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
1.07E-06

raoles/1
1.47E-02

ERR
ERR
ERR

7.62E-04
1.16E-05
2.63E-04
8.12E-04

1017

1.22 '
0.07%

1.74E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature'C C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3S104)
(H2S104)
(HS104)

Total

TW29
77268
2-20-85

12
6.52
206
600

7.0
1190
547
NA
700
0.39
671

2.19E-02

mg/1
3.04E-04

150
72
23
4

! 0.005
: 0.005
: 0.02
: 0.02
: 0.05

0.02
: 0.02

0.005
: 0.02

0.05
: 0.02

249

mg/1
667
ERR
ERR
ERR
17

0.38
19.97

96

meq/1
3.02E-04
7.49E+00
5.92E+00
l.OOE+00
1.02E-01

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04

1.45E+01

meq/1
1.09E+01

ERR
ERR
ERR

4.80E-01
2.00E-02
3.70E-01
2.00E+00

moles/1

3.74E-03
2.96E-03
l.OOE-03
1.02E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
3.06E-07

moles/1
1.09E-02

ERR
ERR
ERR

4.80E-04
2.00E-05
3.70E-04
9.99E-04

800 1.38E+01

Dissolved Solid Ratio
Cation-Anion Balance

1.50
2.54%



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4S104)

(H3Si04)
(H2S104)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW30
77269
2-21-85

14
6.65
122
1425

7.2
2090
397
NA

1410
2.47
739

3.32E-02

mg/1
2.26E-04

149
89
154
33

0.005
0.005
0.02
0.02
0.05
0.02

: 0.02
0.007

: 0.02
0.05
0.02

meq/1
2.24E-04
7.44E400
7.32E+00
6.70E+00
8.44E-01

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04

moles/1

3.72E-03
3.66E-03
6.70E-03
8.44E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
8.87E-08
1.85E-07
9.82E-07
3.06E-07

425 2.23E+01

mg/1
484
ERR
ERR
ERR
189

3.61
37.86
367

meq/1
7.93E+00

ERR
ERR
ERR

5.33E+00
1.90E-01
7.01E-01
7.64E+00

moles/1
7.93E-03

ERR
ERR
ERR

5.33E-03
1.90E-04
7.01E-04
3.82E-03

1081

1.07
1.15%

2.18E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pU (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HSi04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW31
77270
2-20-85

14
7.25
145
575

7.7
824
355
NA
460
0.45
416

1.37E-02

mg/1
5.67E-05

109
35
21
3

: o.oos
: 0.005

0.02
0.02

: 0.05
0.02

: 0.02
0.005

: 0.02
0.16

: 0.02

168

mg/1
433
ERR
ERR
ERR
18

0.34
18.47

45

meq/1
5.62E-05
5.44E+00
2.88E+00
9.13E-01
7.67E-02

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04

9.31E+00

raeq/1
7 .09E-KX)

ERR
ERR
ERR

5.08E-01
1.79E-02
3.42E-01
9.37E-01

moles/1

2.72E-03
1.44E-03
9.13E-04
7.67E-05
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
3.14E-06
3.06E-07

raoles/1
7.09E-03

ERR
ERR
ERR

5.08E-04
1.79E-05
3.42E-04
4.68E-04

515

1.48
2.29%

8.90E+00



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
TemperatureC C)
pH (standard units) •
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3S104)
(H2S104)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW32
77472
2-28-85

17
8.77
106
400

8.7
464
134
NA
294
0.9
170

6.96E-03

mg/1
1.71E-06

17
31
27
10

: 0.005
: o.oos

0.02
: 0.02
: 0.05
: 0.02
: 0.02
: o.oos
: 0.02

0.31
: 0.02

85

mg/1
163
ERR
ERR
ERR
22

0.22
27.41

45

meq/1
1.70E-06
8.48E-01
2.55E+00
1.17E+00
2.56E-01

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04

4.83E+00

meq/1
2.68E+00

ERR
ERR
ERR

6.21E-01
1.16E-02
5.07E-01
9.37E-01

moles/1

4.24E-04
1.28E-03
1.17E-03
2.56E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
6.09E-06
3.06E-07

moles/ 1
2.68E-03

ERR
ERR
ERR

6.21E-04
1.16E-05
5.07E-04
4.68E-04

258

1.17
0.83%

4.75E+00
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pll (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4S104)

(H3Si04)
(H2S104)
.(HSi04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW33
77473
2-28-85

17
8.76
141
700

7.6
894
402
NA
562
0.32
479

1.53E-02

mg/1
1.75E-06

126
40
16
2

: 0.005
: 0.005
: 0.02
: 0.02
: 0.05
: 0.02
: 0.02
: 0.005
: 0.02

0.3
0.03

184

mg/1
490
ERR
ERR
ERR
23

0.24
10.02

43

meq/1
1.74E-06
6.29E+00
3.29E400
6.96E-01
5.12E-02

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

9.18E-04

1.03E+01

meq/1
8.03E+00

ERR
ERR
ERR

6.49E-01
1.26E-02
1.86E-01
8.95E-01

moles/1

3.14E-03
1.65E-03
6.96E-04
5.12E-05
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
5.89E-06
4.59E-07

moles/1
8.03E-03

ERR
ERR
ERR

6.49E-04
1.26E-05
1.86E-04
4.48E-04

566

1.34
2.777.

9.77E+00



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HSi04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW34
77475
2-26-85

10
6.94
39
600

7.4
1190
402
NA
852
0.3
698

2.38E-02

mg/1
1.16E-04

123
95
18
6

: 0.005
: 0.005
: 0.02
: 0.02

0.16
: 0.02

0.27
: 0.005
: 0.02
: 0.05
: 0.02

243

mg/1
490
ERR
ERR
ERR
64

0.44
2.51
213

meq/1
1.15E-04
6.14E+00
7.81E-H)0
7.83E-01.
1.53E-01

8.90E-05
7.69E-04
6.10E-04
7.16E-03
1.93E-04
9.83E-03

1.85E-04

6.12E-04

1.49E+01

meq/1
8.03E+00

ERR
ERR
ERR

1.81E+00
2.32E-02
4.64E-02
4.43E+00

moles/1

3.07E-03
3.91E-03
7.83E-04
1.53E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
2.86E-06
9.65E-08
4.91E-06
6.33E-08
1.85E-07
9.82E-07
3.06E-07

moles/1
8.03E-03

ERR
ERR
ERR

1.81E-03
2.32E-05
4.64E-05
2.22E-03

770

1.19
1.93%

1.43E+01
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Water Quality Analysis/
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (saicromhos/cm)

Laboratory Measurements
pU (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HS104)

Total

TW35
77476
2-26-85

15
6.59
22

1430

7.2
1990
1200
NA

1320
0.44
1299

4.14E-02

mg/1
2.59E-04

100
255
36
16

: 0.005
0.005

: 0.02
0.02
3.51
0.02
0.21
0.005
0.02
0.05
0.06

411

mg/1
1463
ERR
ERR
ERR
32

0.37
0.19
88

meq/1
2.57E-04
4.99E+00
2.10E+01
1.57E+00
4.09E-01

8.90E-05
7.69E-04
6.10E-04
1.57E-01
1.93E-04
7.64E-03

1.85E-04

1.84E-03

2.81E-I-01

meq/1
2.40E+01

ERR
ERR
ERR

9.03E-01
1.95E-02
3.57E-03
1.83E+00

moles/1

2.50E-03
1.05E-02
1.57E-03
4.09E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
6.28E-05
9.65E-08
3.82E-06
6.33E-08
1.85E-07
9.82E-07
9.18E-07

moles/1
2.40E-02

ERR
ERR
ERR

9.03E-04
1.95E-05
3.57E-06
9.16E-04

1583 2.67E+01

Dissolved Solid Ratio
Cation-Anion Balance

1.51
2.51%



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW36
77477
2-26-85

13
6.79
57
990

7.2
1500
288
NA

1070
1.03
706

2.88E-02

mg/1
1 .63E-04

131
92
63
28

: 0.005
0.053

: 0.02
: 0.02
: 0.05
: 0.02

0.08
0.078

: 0.02
: 0.05

0.72

315

mg/1
351
ERR
ERR
ERR
101
11.9
34.93
385

meq/1
1 .62E-04
6.54E+00
7 .57E-KX)
2.74E+00
7.16E-01

9.43E-04
7.69E-04
6.10E-04
2.24E-03
1.93E-04
2.91E-03

1.85E-04

2.20E-02

1.76E+01

meq/1
5.75E400

ERR
ERR
ERR

2.85E+00
6.26E-01
6.47E-01
8.02E+00

moles/1

3.27E-03
3.78E-03
2.74E-03
7.16E-04
6.67E-08
4.72E-07
3.85E-07
3.05E-07
8.95E-07
9.65E-08
1.46E-06
9.88E-07
1.85E-07
9.82E-07
1.10E-05

moles/1
5.75E-03

ERR
ERR
ERR

2.85E-03
6.26E-04
6.47E-04
4.01E-03

884

1.12
0.85%

1.79E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity Xmicromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HS104)

Total

TW37
77271
2-19-85

17
7.15
83

1910

7.5
2660
432
NA

1860
2.21
992

4.58E-02

mg/1
7.14E-05

244
93
160
103

: 0.005
1.210
0.05
0.02

: 0.05
0.02
2.50
0.066
0.02
0.15
4.3

608

mg/1
527
ERR
ERR
ERR
214
31.3
43.95
600

meq/1
7 .08E-05
1.22E+01
7.65E+00
6.96E-KX)
2.63E+00

2.15E-02
1.92E-03
6.10E-04
2.24E-03
1.93E-04
9.10E-02

1.85E-04

1.32E-01

2.97E-KH"

meq/1
8.63E+00

ERR
ERR
ERR

6.04E+00
1.65E+00
8.14E-01
1.25E+01

moles/1

6.09E-03
3.83E-03
6.96E-03
2.63E-03
6.67E-08
1.08E-05
9.62E-07
3.05E-07
8.95E-07
9.65E-08
4.55E-05
8.36E-07
1.85E-07
2.94E-06
6.58E-05

raoles/1
8.63E-03

ERR
ERR
ERR

6.04E-03
1.65E-03
8.14E-04
6.25E-03

1416 2.96E+01

Dissolved Solid Ratio
Cation-Anion Balance

1.09
0.08%



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anlons
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW38
77478
3-01-85

17
6.3
135
700

7.4
916
406
NA
626
0.46
516

1.69E-02

mg/1
5.05E-04

126
49
24
2

0.005
; 0.005

0.02
: 0.02
: 0.05
: 0.02
: 0.02
: o.oos
: 0.02
: o.os

0.02

201

mg/1
495
ERR
ERR
ERR
30

0.31
44.72

56

meq/1
5.01E-04
6.29E+00
4.03E+00
1.04E+00
5.12E-02

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04

1.14E+01

meq/1
8.11E+00

ERR
ERR
ERR

8.46E-01
1.63E-02
8.28E-01
1.17E+00

moles/1

3.14E-03
2.02E-03
1.04E-03
5.12E-05
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
3.06E-07

moles/1
8.11E-03

ERR
ERR
ERR

8.46E-04
1.63E-05
8.28E-04
5.83E-04

626

1.32
2.01%

1.10E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pU (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Sx04)
(H2Si04)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW39
77480
2-28-85

19
8.39

5
1050

8.5
1240
176
NA
874
1.38
499

2.17E-02

mg/1
4.11E-06

73
77
71
32

0.008
: 0.005

0.02
; 0.02
: 0.05
: 0.02
: 0.02

0.076
: 0.02
: 0.05
: 0.02

253

mg/1
215
ERR
ERR
ERR
87

6.88
28.87
306

meq/1
4.07E-06
3.64E+00
6.33E400
3.09E+00
8.18E-01

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04

1.39E+01

meq/1
3.52E+00

ERR
ERR
ERR

2.45E+00
3.62E-01
5.35E-01
6.37E+00

moles/1

1.82E-03
3.17E-03
3.09E-03
8.18E-04
1.07E-07
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
9.63E-07
1.85E-07
9.82E-07
3.06E-07

moles/1
3.52E-03

ERR
ERR
ERR

2.45E-03
3.62E-04
5.35E-04
3.19E-03

643

1.03
2.39%

1.32E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4SI04)

(H3S104)
(H2Si04)
(HSi04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW40
77481
2-23-85

19
6

-40
3650

6.9
6180
94
NA

4900
5.7
1919

1.12E-01

mg/1
1.01E-03

451
193
574
439

0.007
70.400

: 0.02
0.04

: 0.02
: 0.02

11.00
0.055

: 0.02
0.16
169

1908

mg/1
115
ERR
ERR
ERR
1180
11.9
75.17
1770

meq/1
l.OOE-03
2.25E+01
1.59E+01
2.50E+01
1.12E+01

1.25E+00
7.69E-04
1.22E-03
8.95E-04
1.93E-04
4.00E-01

1.85E-04

5.17E+00

8.14E+01

meq/1
1 .88E+00

ERR
ERR
ERR

3.33E+01
6.26E-01
1.39E-KX)
3.69E+01

moles/1

1.13E-02
7 .94E-03
2.50E-02
1.12E-02
9.34E-08
6.26E-04
3.85E-07
6.10E-07
3.58E-07
9.65E-08
2.00E-04
6.97E-07
1.85E-07
3.14E-06
2.59E-03

moles/1
1.88E-03

ERR
ERR
ERR

3.33E-02
6.26E-04
1.39E-03
•1.84E-02

3152

1.03
4.74%

7.40E+01
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Water Quality Analysis
Monsanto,. Inc.
Soda Springs Plant

Identification: HOOPER
Laboratory Number: 77254
Date Sampled: 2-15-85

Field Measurements
Temperature( C) 16
pH (standard units) 5.85
Eh (millivolts) 39
Conductivity (micromhos/cm) 1000

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total 276

Anions • mg/1
Bicarbonate(HC03) 959
Carbonate (C03) ERR
Dissolved Carbon Dioxide (H2C03) ERR
Hydroxide (OH) ERR
Chloride (Cl) 8
Fluoride (F) 0.58
Nitrate + Nitrite (NOX) < 0.19
Sulfate (S04) 54
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HS104)

Total 1022

Dissolved Solid Ratio 1.32
Cation-Anion Balance 0.17%

6.4
1440
787
NA
980
0.36
773

2.55E-02

mg/1
1.42E-03

115
118
23
14

0.005
0.005
0.02
0.02
5.27
0.02
0.17
0.005
0.02
0.05

: 0.02

meq/1
1.41E-03
5.74E+00
9 .70E+00
l.OOE+00
3.58E-01

8.90E-05
7.69E-04
6.10E-04
2.36E-01
1.93E-04
6.19E-03

1.85E-04

6.12E-04

moles/1

2.87E-03
4.85E-03
l.OOE-03
3.58E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
9.44E-05
9.65E-08
3.09E-06
6.33E-08
1.85E-07
9.82E-07
3.06E-07

1.70E-KH

meq/1
1.57E+01

ERR
ERR
ERR

2.26E-01
3.05E-02
3.57E-03
1.12E+00

moles/1
1.57E-02

ERR
ERR
ERR

2.26E-04
3.05E-05
3.57E-06
5.62E-04

1.71E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

0 (H3Si04)
(H2Si04)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

DOCK
77258
2-18-85

14
6.02
52
725

6.3
1470
813
NA
920

• 0.4
816

2.70E-02

mg/1
9.63E-04

116
128
26
15

: 0.005
: 0.005
: 0.02
: 0.02

7.20
: 0.02

0.16
: o.oos
: 0.02
: o.os

0.01

293

mg/1
991
ERR
ERR
ERR
12

0.62
: 0.19

59

meq/1
9.55E-04
5.7.9E400
1.05E+01
1.13E+00
3.84E-01

8.90E-05
7.69E-04
6 . 10E-04
3.22E-01
1.93E-04
5.82E-03

1.85E-04

3.06E-04

1.82E+01

meq/1
1.62E+01

ERR
ERR
ERR

3.39E-01
3.26E-02
3.57E-03
1.23E+00

moles/1

2.89E-03
5.27E-03
1.13E-03
3.84E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
1.29E-04
9.65E-08
2.91E-06
6.33E-08
1.85E-07
9.82E-07
1.53E-07

moles/1
1.62E-02

ERR
ERR
ERR

3.39E-04
3.26E-05
3.57E-06
6.14E-04

1063

1.47
0.88%

1.78E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

SW SPRING
77253
2-15-85

15
6.25
95

1050

6.8
1630
808
NA

1150
0.69
869

2.96E-02

mg/1
5.67E-04

127
134
47
15

< 0.005
0.009

< 0.02
< 0.02
< 0.02
< 0.02

0.17
0.006

< 0.02
< 0.05

0.08

323

mg/1
985
ERR
ERR
ERR
33

1.60
13.57

113

meq/1
5.62E-04
6.34E+00
1.10E+01
2.04E+00
3.84E-01

1.60E-04
7.69E-04
6.10E-04
8.95E-04
1.93E-04
6.19E-03

1.85E-04

2.45E-03

1.98E+01

meq/1
1.61E401

ERR
ERR
ERR

9.31E-01
8.42E-02
2.51E-01
2.35E+00

moles/1

3.17E-03
5.51E-03
2.04E-03
3.84E-04
6.67E-08
8.01E-08
3.85E-07
3.05E-07
3.58E-07
9.65E-08
3.09E-06
7.60E-08
1 .85E-07
9.82E-07
1.22E-06

moles/1
1.61E-02

ERR
ERR
ERR

9.31E-04
8.42E-05
2.51E-04
1.18E-03

1146

1.28
0.09%

1.98E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity £micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammo n ium ( NH4 )

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3S104)
(H2S104)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

MORMAN
77256
2-18-85

14
6.96
138
1000

7.2
1430
310
NA

1050
1.18
632

2.52E-02

mg/1
1.11E-04

123
79
68
22

: 0.005
0.038

: 0.02
: 0.02
: 0.05
: 0.02
: 0.02
: 0.009
: 0.02
: o.os

0.30

293

mg/1
378
ERR
ERR
ERR
78

10.8
24.63
293

meq/1
1.10E-04
6.14E+00
6.50E400
2.96E+00
5.63E-01

6.76E-04
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

9.18E-03

1.62E+01

meq/1
6.19E+00

ERR
ERR
ERR

2.20E-KK)
5.68E-01
4.56E-01
6.10E+00

moles/1

3.07E-03-
3.25E-03
2.96E-03
5.63E-04
6.67E-08
3.38E-07
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
1.14E-07
1.85E-07
9.82E-07
4.59E-06

raoles/1
6.19E-03

ERR
ERR
ERR

2.20E-03
5.68E-04
4.56E-04
3.05E-03

784

1.03
2.06%

1.55E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

CALF
77257
2-18-85

n

y

Field Measurements
Temperature( C>
pH (standard units)
Eh (millivolts)
Conductivity (micromho5/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mq of CaCO3/l )
Total Acidity (mq o-f CaCO3/l)
Total Dissolved Solids (mq/1)
Sodium Adsorption Ratio
Total Hardness (mq of CaCO3/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mq>
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (v1)
Zinc (Zn)
Ammonium (NH4)

12
7.03
116
875

7.3
141O
298
NA

1030
1.O5
637

2.52E-O2

mq/1
9.41E-05

128
77
61
21

O . OO5
O.OO5
0.02
O.O2
0.05
O . O2
O.O2
O . OO5
O.O2.
O. O5
O.08

meq/1
9.33E-O5
6.39E+OO
6. 33E+OO
2.65E+OO
5.37E-O1

8.9OE-05
7.69E-04
6. 1OE-O4
2.24E-O3
1 . 93E-O4
7.28E-04

1 . 85E-O4

2.45E-O3

mol es/1

3. 19E-O3
3. 17E-03
2.65E-O3
5.37E-O4
6.67E-08
4.45E-08
3.S5E-O7
3.05E-07
8.95E-O7
9.65E-O3
3.64E-07
6.33E-08
1 . 85E-O7
9.82E-O7
1 . 22E-06

Total J87 1.59E+O1

Anions mg/1 meq/1
Bi carbonate (HCO3) 363 5.'95E-K>O
Carbonate (CO3) ERR ERR
Dissolved Carbon Dioxide (H2CO3) ERR ERR
Hydroxide (OH) ERR ERR
Chloride (Cl) 64 1.81E+OO
Fluoride (F) 8.85 4.66E-01
Nitrate + Nitrite (NOX) 24.86 4.6OE-O1
Sulfate (SO4) 316 6.53E+OO
Dissolved Silica (H4SiO4)

(H3Si04)
(H2Si04)
(HSiO4)

moles/1
5.95E-O3

ERR
ERR
ERR

1 .81E-O3
4.66E-04
4.6OE-O4
3.29E-03

Total

Di ssolved Soli d Ratio
Cat. i on-An i on E<alance

777

1 . 03
2. 1O"

1.53E+O1



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate +'Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HSi04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

EFFLUENT
77260
2-19-85

15
7.9
79
750

8.1
1220
422
NA
804
1.38
558

2.12E-02

mg/1
1.27E-05

126
59
75
10

: 0.005
0.030

: 0.02
: 0.02
: 0.05
: 0.02
: 0.02
: 0.005
: 0.02
: 0.05
: o.os

270

mg/1
514
ERR
ERR
ERR
75

1.02
21.90

133

meq/1
1.26E-05
6.29E400
4.85E+00
3.26E+00
2.56E-01

5.34E-04
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

1.53E-03.

1.47E+01

meq/1
8.43E400

ERR
ERR
ERR

2.12E+00
5.37E-02
4.05E-01
2.77E+00

moles/1
;

3.14E-03
2.43E-03
3.26E-03
2.56E-04
6.67E-08
2.67E-07
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
7.65E-07

moles/1
8.43E-03

ERR
ERR
ERR

2.12E-03
5.37E-05
4.05E-04
1.38E-03

745

1.26
3.13%

1.38E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity "(micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaCO,3/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(R2S104)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

SWG
77259
2-18-85

14
6.99
121
775

7.2
1300
292
NA
956
0.92
608

2.37E-02

mg/1
1 .03E-04

123
73
52
20

0.005
: 0.005

0.02
0.06
0.05
0.02
0.02
0.005
0.02
0.05
0.02

268

mg/1
356
ERR
ERR
ERR
56

7.52
23.36
291

meq/1
1.02E-04
6.14E-KX)
6.00E+00
2.26E+00
5.12E-01

8.90E-05
7.69E-04
1 .83E-03
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04

1.49E401

meq/1
5.83E+00

ERR
ERR
ERR

1.58E+00
3.96E-01
4.33E-01
6.06E+00

moles/1

3.07E-03
3.00E-03
2.26E-03
5.12E-04
6.67E-08
4.45E-08
3.85E-07
9.15E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
3.06E-07

moles/1
5.83E-03

ERR
ERR
ERR

1.58E-03
3.96E-04
4.33E-04
3.03E-03

734

1.05
2.13%

1.43E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pU (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C03)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3S104)
(H2S104)
(HS104)

Total

Dissolved Solid Ratio
Cation-Anion Balance

LEWIS
77255
2-15-85

20
6.04
128
700

7.2
1150
397
NA
832
0.78
552

1.97E-02

mg/1
9.19E-04

119
62
42
7

: 0.005
0.005

: 0.02
: 0.02
: 0.05
: 0.02
: 0.02
: 0.005
: 0.02
: o.os

0.09

230

mg/1
484
ERR
ERR
ERR
39

0.51
25.29

139

meq/1
9.12E-04
5.94E+00
5 . 10E+00
1.83E+00
1.79E-01

8.90E-05
7.69E-04
6.10E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

2.75E-03

1.31E+01

meq/1
7.93E+00

ERR
ERR
ERR

1.10E+00
2.68E-02
4.68E-01
2.89E+00

moles/1

2.97E-03
2.55E-03
1.83E-03
1.79E-04
6.67E-08
4.45E-08
3.85E-07
3.05E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
1.38E-06

moles/1
7.93E-03

ERR
ERR
ERR

1.10E-03
2.68E-05
4.68E-04
1.45E-03

688

1.10
2.48%

1.24E+01



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 7
Figure

DRILLER'S LOG

Ground Surface (5884,46 ft)

REPORTED WELL COMPLETION

20-

0
f ?

L

.c
"S.
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40

60

CLAY

-- Broken &ASALT

End of Hole

o
Ul
>

*-<«
o

10:
»•
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IJ) O

I:' ^
B' o

~-IOin. casing fo 12ft

-̂IO in. open hole, to 34ft
-8 in casing to 34ft

-4-in. PVC sched. 4O>

8 in. open hole to 6>O ft.

4 in. PVC screen, ISOsh
from 4O to (&O -ft. -

LEGEND

]̂ Cement Grout

Gravel Backfill

\ \ Casing with drive shoe.

Scale I in. to 20 ft

— Colder Associates



n
o

LITHOLOGY AND WELL COMPLETION

MONSANTO TW 8
Figure A-8

w
•>>-<
o

u
»

i

DRILLER'S LOG

Ground Surface (5884.67 H)

REPORTED WELL COMPLETION

20-i

-- Soft BASALT

V

£ 40

Q.
d>
Q

60

80--

CLkV

Soft BASALT

Hard 0ASALT

Hard BASALT

Soft BASALT

-- Hard BASALT

Soft BASALT

Hard BASALT

Soft BASALT

End of Hole

10:
T-
IfX

o
1C

-3 in. casing to ZO.o ft

in. open hole fo 95 ft.

-4. /n. PVC sched.. 4O,

4-in. PVC screen>/8Oshft~—^ A I t f * t • / V ^^ •t-'̂ —- / ^—-^—• /

JE o°\ from 7:5 to 90 ft.

LEGEND

[?/| Cement Grout

0 Ca\/e

\ \ Casing with drive shoe.

i Scale I in. to 20 ft

— Golder Associates
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LITHOLOGY AND WELL COMPLETION

MONSANTO TW 9
Figure A-9

LITHOLOGY

!!

20--

40-- Fresh BASALT

r
60--

80--

0>
O

Q.

O

100-

*ui
>
ui

120-

o:
o

10

in
i

OJ

z

140-

I6Q-1-

Ground Surface ('5883.85ft.)

Silty CLAY

Weathered & AS ALT

Loo5e &A5ALT and

Weathered &A5ALT

BASALT

Weathered &ASALT
some

Fresh BASALT

Fresh BASALT

Cont'd. on sheef

Sheet

WELL COMPLETION

•^-IOln. open hole to 31 ft

8 in. casing fo 3Iff:

in. open hole to

-4 in. PVC Sched. 4O>
flush joint threaded.

Scale I in. to 20 ft.

— Golder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 9
Figure

a

U

Sheet Z of?

160

LITHOLQGY

Cont'd. from sheet /of 2

WELL COMPLETION

- Fresh BASALT

ISO- i

200--

220--

"24O

Q

U)

4
O

o
tu

*

Q.
(V
Q

260-

BASALT

Fresh BASALT

&A5AL.T

Fresh BASALT

&ASAL.T

Fresh BASALT

Weathered &A5ALT
Fresh &A5ALT
Weathered BASALT
Fresh BASALT
End of Borehole

4 in. PVC. screen,
from 241 to Z5I ft.

I

1C
o

ro;

to:

cvj-

CD:

d

LEGEND

f;V-| Cement Grout

Bentonit'e

Gravel Backfill

Cave

\ \ Casing with drive

*i
Scale I in. to 20 ft.

— Colder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO T W 1 O
Figure A- to

r
y
n

ex
<u
Q

40 -L

LITHOLOGY WELL COMPLETION

Ground Surface f588 4.44'}

Weathered BASALT

- 201 Weathered BASALT and CIUDER5
&ASALT

-• End of Borehole

/n. op<sr7 /? /̂<? to 21 ft.
•4-in.PVC $ched.4O,
flush joint threaded

•Bin. open hole to 27ft.
4in. PVC screen, 2O slot,
from /9 to Z4ft.

''.:'•.: oo;

LEGEND

î - Cement Grout

Backfill

\ \ Casing with drive shoe.

I KV
T-

! •

m:

z

Scale I in. to 2O ft

— Colder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW11
Figure A-11

L
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• Q-
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o
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I

LITHOLOGY

Ground Surface

20 Weathered BASALT

40" Fresh &A5ALT

60--

0>

80- -
_c
"o.

Q -t

IOO

I20--

I40--

I6Q-1-

Si/fy CLAY

Fresh &A5ALT

Fresh BASALT with SAND

SILT
Weathered &AOAL.T wifh

SAUD.

Fresh &A5ALT

Loose CINDERS

Fresh BASALT

SAND

Sandy GRAVEL, to ORA.VEL.

End of &or<shc>le

WELL COMPLETION

iZm. open hole to Z7fi

4—/O in. casing to 27ft.

IOin. open hole to

-s^4in. PVC sched. 4O
I flush joinf threaded

•I—Q in. cosing to IOO ft.
(cut ot 95 ft. but could
not be pulled out)

Scole I in. to 20 ft.

— Colder Associates

open hole to t4Zft.

screen. 2O s/of,

l̂ Cement Grout

te

Backfill

O Cave

\ \ Casing with drive



LITHOLOGY AND WELL COMPLETION

MONSANTO TW12
Figure A-12

LITHOLOGY

Ground

-- Fresh BASALT

20--

40 - Weathered &A5>ALT,some sand.

\:
60

Q

ki 0111

*Ul

rr- 5
ii ^

*2
o

to-
V-
in:

co:

6

80--

Q.
o>
O

IOO

I204-

CLAY

Fresh &ASALT

Fresh BASALT

SILT

Weathered BASALT

Fresh BASALT

Loose BASALT ond

&ASA f-T

End of

WELL COMPLETION

•IZ in. Open hole to Z7ft

in. open hole to 6>/ft.

"*~

ir

/•?. casing and drive shoe
to Gift

4 in. PVC.Sched.4O,
flush joint threaded.

4in. PVC screen, ZO slot
from 69.5 to 99.5 ft.

LEGEND

![5V-| Cement Grout

Gravel Backfill

1 \ \ Casing with drive shoe..

Scale I in. to 20 ft

— Colder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW13
Figure A-13

a LITHOLOGY

Ground

20--

u
40--

60--

— oo: 80--

o.
<u
Q

5ilty SAND and GRAVEL.

Sandy GRAVEL

CLAY

Fresh BASALT

CONGLOMERATE

0
**

100-1- End of Borehole

n
"

I
ESI

•-(• o
: cc

WELL COMPLETION

|—IOin. open hole fa 9 ft
I

-4 in. PVC Sched. 4O,
flush joint threaded

-8 in. casing to 42.'ft (cut at
-36>.5ft. and pulled back 4ft)

—Sin. open hole to 98ft.

+-Blockage. t>Z~ 75ft, before
grout added.

, -4 in. PVC screen, ZO slot,
]| from 81 to

LEGEND

[;V-| Cement Grout

gg Gravel Backfill

[rT| Ca\/e

\ \ Casing with drive shoe.

Scale I in. to 20 ft

— Colder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 14
Figure A-14

LITHOLOGY

Ground Surface

WELL COMPLETION

0>

c
y

20-k
o.
<u
Q

40 -L

Siltg SAND and

Sondy GRAVEL,

Siltu CLAV
£nd of Borehole

s
u:o>.
Q:

fi

4
E
O

ro.

o>
o

in. open hole to 9/X

flush joint threaded.
77. open to 24 ft.

i -4-in. PVC screen, 2O slot,
J-M-'-ll from J5.5 to 2O.5 ft.

LEGEND

Cement Grout

0 Gravel Backfill

[t l̂ Cave

\ \ Casincj with drive shoe.

Scale I in. to 20 ft.

— Golder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 15
Figure A-15
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LITHOLOGY

Ground Surface
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5andy GRAVEL

Fresh BASALT\ fractured

End. of Borehole

WELL COMPLETION

in. open hole to

-Qin. casing to 39 ft.

-4 in. PVC sc.hed.4O
flush joint threaded

— Sin. open hole to G?O-ft.

4in. PVC screen , ZO 5J
fr0rr> 49.5 to 59.5 ft

LEGEND

Cement Grout

O. Gravel Backfill

[̂ T| Cave
\ \ Casing with drive shoe.

Scole I in. to 20 ft.

— Colder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 16
Figure A-16

Pfiji LITHOLOGY

Ground Surface
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(FILL) ~ .
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1. Fresh &A5ALT

End of Borehole

WELL COMPLETION

JO in. casing to 9 ft

. cjC'tfA? hole to 28 ft.

-̂8 in. casing to 28 ft.

-Sin. open hole to 32ft

flush joint threaded.

în. Pl/C Screen , ZO
°\ from 11.5 to 76.5 ft.

LEGEND

[;V-| Cement Grout

Gravel Backfill

[t+J Cave

\ \ Casing w/fh drive shoe.

Scale I in. to 20 ft

— Golder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 17
Figure A-17
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Ground Surface
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o
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\_

WELL COMPLETION

-IO in. cosing to ZZft.

•'•'•\—/Oin. open hole to51.5 ft

in. open hole fo 115 ft.

-4-/n. PVC sched. 4O,
flush joint threaded

4-in. PVC screen, 2O 5/ot,
-From 96.5 fo /OG>.5ft.

i °D °iiLiMJ

LEGEND

Cement Grout

|X <5ravel

\ \ Casing with drive shoe.

Scale I in. to 20 ft

— Colder Associates
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LITHOLOGY AND WELL COMPLETION p| A_1 8

MONSANTO TW 18

0 _

20-

40-

60-

o>
0>

*!8°-
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"o.
Q

ioo-

I20:

I40-

IfiA

LITHOLOGY

Ground Surface (5994.62')
Siltu SAND and GRAVEL. (FiLL)

. Silty CLAY

Fresh BASALT
-

•

Si'lfy SAND to silty GRAVEL

.

- Fresh BASALT

Loo 5^ £IMD£/?S

Fresh BASALT

-^ Weathered &A5ALT ^-
Fresh &A5ALT

' Weathered &ASALT

Fresh BASALT

uu Cont'd. on sheet Zof Z
Scole I in. to 20 ft

Golder Assoc

i .

•:'-

:••;

iat

5h<set~ 1 of Z

WELL COMPLETION

RS

"- : .— IO in. casing to 18 ft.

'.- .K— lOin. open hole fo 77ft.

• f \ '

• Y

".r* — 8 in. open hole to 250ft.

•TJ — 4 in. PVC Sched. 4O.
flush joint threaded
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STIFF DIAGRAMS FOR WELLS - PW1 PW2 PW3 Figure B-1

NOVEMBER, 1984 FEBRUARY, 1985

* Concentration we**/"!I
40 20 0
I i

C«* i

Na+K

[_

20 40 20 0
I i I

7 y
J L

20 40
i i

7 "T
J SO4

SAMPLE PM1

40 20 0
I i

C«*. v

Na+K \

L

20 40 20 0
I I 1

7 y
] L

20 40
I I

r HCOo

01

SO4

SAMPLE PM2

40 20 0
I I

Y
Na+K \

Mg i—

20 40 20 0
I i 1

7 \
( j )1 : L

20 40

/ HCO3

^ Cl

J SO4
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STIFF DIAGRAMS FOR TEST WELL -TW2 Figure B-2

l
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o
Ul

*UJ

>
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a

o

NOVEMBER,1984 FEBRUARY,1985
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20
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Concentration neq/1
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I

SAMPLE TU2

20
I
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Cl

S04

i Colder Associates



STIFF DIAGRAMS FOR TEST WELLS

TW4 AND TW5
Figure B-3

NOVEMBER,1984 FEBRUARY,1985

48
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;Na*K
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48
i
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MJJ

28
I

28 8
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Colder Associates



STIFF DIAGRAMS FOR TEST WELLS

TW37, TW6 AND TW5
Figure B-4
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STIFF DIAGRAMS FOR TEST WELLS

TW10, TW7, TW8 AND TW9

,_. „ BFigure B-5
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,' STIFF DIAGRAMS FOR TEST WELLS
TW12 AND TW11

Figure B-6
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STIFF DIAGRAMS FOR TEST WELLS
Figure B-7

TW14, TW15 AND TW13

NOVEMBER. 1984 FEBRUARY, 1 985

40 20 0
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7 \
/

20 40
I i

7 ":
S04

SAMPLE TW13
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i STIFF DIAGRAMS FOR TEST WELLS
TW16, TW17 AND TW18 Rgure B"8

NOVEMBER, 1984 FEBRUARY, 1 985

Concentration weq/1

40 20 0
1 l

Ca \

Na+K

Mg t

20 40 20 0
l l l

~7 . r
SAMPLE TW16

20 40
l l

7 ~
SO4

40 20 0
1 l

Ca i—

Na+K I

20 40 20 0
1 1 l

~i . < r/

20 40

\ HCO3

SAMPLE TM17

40 20 0
1 l

Ca (

Na+K 3

Ma '

20 40 20 0
1 l l

/"" \

/

SAMPLE TM18

20 40
1 i

s* HCO3

^ Cl

S04

\.
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STIFF DIAGRAMS FOR TEST WELLS

TW24, TW22 AND TW23 IQUre

*
i - i

0

40
I

Ca

Na+K

Mg

NOVEMBER,1984 FEBRUARY, 1 985

Concentration weq/1

20
I

0 20
I

40
1

20
l

SAMPLE TW24

20
l

40
l

HCO3

Cl

r r

0

40
I

Ca

Na+K

Mg

20
i

0 20
l

40
l

20
1

SAMPLE TW22

0 20
1

40
1

C1

I

O2:

40
1

Na+K

Mg

20
1

20
1

40
l

20
l

SAMPLE TW23

0 20 40

HC03

Cl
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STIFF DIAGRAMS FOR TEST WELLS

TW19, TW20, TW34 AND TW21 FigUfe B"1°

NOVEMBER.1984 Concentration *e<i/l FEBRUARY. 1 985

40 20 0
I i

;\
Na+K >

/

20 40 20 0
I I I

7 r{ }\ L

20 40
I |

/ HCO3

\
— ^ SO4

SAMPLE TM19

40 20 0 20 40 20 0 20 40
I i

\
Na+K \

Mg i—

i i i

/ r
{
A L

I I

—i , HCO3

(
— A S04

SAMPLE TU20

40 20 0 20 40 20 0 20 40
i i

Ca V
\

Na+K )
//
/

i-

i i i

r \
\

>
//
/
/

I 1

/
/
(\\
\
\ SO4

SAMPLE TM34

40 20 0 20 40 20 0 20 40
I I

Ca r

Na+K J
S

j^
,k«~ ^Tny *

i i i

's^ \
X^ ]
I x^
I s
\ s

SAMPLE TM21

f^rtlrlor AQcr»<~iat*»<;

1 I

,S HCOo

X ci

SO4



! STIFF DIAGRAMS FOR TEST WELLS

TW27, TW26 AND TW25 QUre 1
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0
0
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IT

40
|_

Ca

Na+K

Mg

40
|_

Ca

Na+K

Mg

40
|_

Ca

Na+K

NOVEMBER, 1984 FEBRUARY, 1 985

20
I

20
|_

20

0

0

Concentration weq/1
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L

40
I

20
I

20

SAMPLE TM27
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I

40
I

20

SAMPLE TM26

20
I

40
I
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I

SAMPLE TM25

20
I

\

0 20

40

HCO3

40
I

Cl

S04

40

HC03

Cl



STIFF DIAGRAMS FOR TEST WELLS

TW29 AND TW28
Figure B-12

r •
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<
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t 1

40
I

Ca

Na+K

Mg

40
I

Ca

Na+K

Mg

NOVEMBER,1984 FEBRUARY,1985

20

20
I

0

Concentration weq/l
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I

40
I

20
I

SAMPLE TW29

20
I

40 20

SAMPLE TM28

Colder Associates

0 20
I
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HCO3

Cl

SO4
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STIFF DIAGRAMS FOR TEST WELLS

TW30
Figure B-13
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Na+K
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SAMPLE TW30
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\ STIFF DIAGRAMS FOR TEST WELLS

TW31, TW33 AND TW32 'gUr6 ~14

NOVEMBER, 1984 FEBRUARY, 1985

Concentration meq/1

40 20 0 20 40 20 0 20 40
I I I I I I I I

Ca V

Na+K

Msr

1 ^

• 1 /^yvo~r HCO3

^ Cl

SO4

SAMPLE TM31

40 20 0 20 40 20 0 20 40
I I I I I I I

^

\Na+K \

.
Mg

40 20 0
i I

Ca r-

\
Na+K )

Ms L

7 - ^1 i\

1

/ ~
SO4

SAMPLE TM33

20 40 20 0 20 40
i l l I I

-7 I

/

[

1 I)

-7 HC03

/

Cl

SO4

SAMPLE TM32

fir>IHf«r A<?<;r>ri3t*»c



STIFF DIAGRAMS FOR TEST WELLS

TW39 AND TW35
Figure B-15

40

Ca

Na+K

Mg

FEBRUARY,1985

Concentration

40 20 0
I i

Ca

Na+K

Lny

20 40
1 I

HCO3

i, \ ^O-l

SAMPLE TW39

Concentrat ion Me<it/l

20 0 20
I

40
I

HC03

Cl

SO4

SAMPLE TM35

Golder Associates
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i STIFF DIAGRAMS FOR TEST WELLS
Fiqure B-16

TW36, TW38 AND TW4O

FEBRUARY, 1985

Concentration weq/1

40 20 0
r i

/*

Na+K }

Ma '• «;f

20 40
I I

ii ̂ *^\o7 HCO3

i

\

SAMPLE TW36

Concentration weq/1

40 20 0
1 1

\Na+K \

1

M£^ J

20 40
1 I

U f^fL^y - HCO3

1 • C1

1 SO4

SAMPLE TM38

Concentration ne<i/l

40 20 0 20 40
I I I I

Ca s

Na+K <^"

Mti '̂N-ny

SAMPLE

-^^^ HC03

^ Cl

1 SO-1

TM40

. : ftnlrlAr As<;nciate<i —



r~ '

\ .

flI; 3

f '

n
0
y
i. ;

[ -

L

f - ^

«»
Q

§

*111

IT
o

I
f

z

I i
1

STIFF DIAGRAMS FOR WELLS

SWC, LEWIS AND NELSON FigUr6 B"17

NOVEMBER, 1984 FEBRUARY, 1 985

Concentration weq/1

40 20 G
1 I

Na+K (

Hg V_

) 20 40
1 I

NOT SAMPLED
U r*j-i -j1 HCO3

i1 SO4

SAMPLE SMC

40 20 0 20 40 20 0 20 40
I I l i t i i

V
Na+K i

l_r r -7 HCO3

} \L\
SAMPLE Lewis

\

40 20 0
I 1

V\
Na+K

Mjr L

20 40
1 1

~1 HC03 NQT SAMPLED

/
Cl

SO4

S AMPLE Nelson

— — fiolrl*»r A<iQr»ripitf'<i
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STIFF DIAGRAMS FOR WELLS

SWG, MORMON AND CALF SPRINGS RgUre B"18

NOVEMBER, 1984 FEBRUARY, 1 985

Concentration neq/'l

40 20 0
I i

Ca r —

Na+K \

Msr *• —

40 20 0
I I

Ca y

Na+K \

Mg i- —

20 40 20 0
I i I

7 r
\ L

SAMPLE SMC

20 40 20 0

7 r
(A L

20 40

—7 HCO3

( C1

\ SO4

20 40
I I

"7 N

( C1

\ SO4

SAMPLE Mornan

40 20 0
I I

Na+K \

Mo '

20 40 20 0

7 r
A \

SAMPLE Calf

20 40
I i

7 HCO3

( C1

'-.



STIFF DIAGRAMS FOR

DOCK, HOOPER AND SW SPRING
Figure B-19
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I

Ca

Na+K

40
1

Na+K

Mg

40
1

Na+K

Mg

20
i

NOVEMBER,1984 FEBRUARY,1 985

Concentration neq/1

0 20 40 20 0
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i
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0
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1
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I
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I

SAMPLE Dock
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I
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I
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I
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20
1
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1
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1
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I
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I

40
1

HCO3

Cl

SO4

40

HCO3

Cl

SO4

40
1

HC03

Cl

S04

SAMPLE SW SPRING



STIFF DIAGRAM FOR EFFLUENT Figure B-20

NOVEMBER,1984 FEBRUARY,1985

40
I

28
I
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Na+K

Mg

Concentration weq/1

20 40 20 0

\

20
I

40
I

HCO3

Cl

SO4

SAMPLE Ef f luen t

Golder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 18
Figure A-19

Sheet ZofZ

ij

n

ISO

I80 - - Fresh &ASALT

200--

0>
0>

Q.
Q>
Q

220 - -

-- Weathered BASALT

CO
240--

r 1 Q

4
O

260 -L

LITHOLOGY

Conta". from _sheej- I of 2

Fresh BA5ALT

Weather&J BA5ALT

Fresh BASALT

Fresh BASALT

End of Borehole

WELL COMPLETION

4in. PVC screen > ZO slot,
from ZZ4 to Z34

a.
o

to
<a-
in
i

CNJ

«r
CO

d
2

LEGEND

[;\-| Cement Grout

| Gravel

[TTI Cave
\ \ Casing with drive shoe.

Scole I in. to 20 ft

— Golder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 19
Figure A-19

LITHOLOGY

n
i .

[j

0

Ground Surface (58*) I.2O')

CLAY -

w
0>

Gravelly SAND

20--
Q.
0)
O

Fresh

End of Borehole

WELL COMPLETION

h—lOin. open hole to 14 ft

T—Sin. casing to lift.

8in. op>en hole to Z9ft.
4 in. PVC sehed 4O ̂
flush joint threaded.

4in. PVC screen, ZO slot,
from 24.5 to Z9.5 ft.

40 x

4
Q

o"
111

u

LEGEND

[î l Cement Grout

! [53 Gravel Backfill

: [^1 Ca\/e

\ \ \ Casing with drive shoe.

4
K
O

10:
in:
CVJ;

CD;
0

I
Scole I in. to 20 ft

— Colder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 20
Figure A-20

r •

n

LITHOLOGY

Ground Surface

20 i Fresh BASALT-1

Q.
O)
O

40--
n

60 J-

Si/ty CLAY .

Loose CINDERS

-• End of

p* s;
Q:

<
o

Ul

>
m
oc

oc
o

i:
cu-

WELL COMPLETION

I

\*-IOin. open hole to

"•— 8 in. <zasing to I6> fh

8 in. open hole to 48 ft

4- in. PVC 5ched 4O,
flush joint threaded

4in. PVC screen, ZO
from 39 to 44 ft.

LEGEND

Cement Grout

S>entonite

Grovel Backfill

\ \ Casing with drive shoe.

Scole I in. to 20 ft.

— Colder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 21
Figure A-21

- SAND and GRAVEL

20--

40-

60 -- Fresh &ASA.LT

IP1

CD
Q>

i^ to:
<J-

i . a>:
! . o-

' <
a

2'
*

80--

a
V
a

IOO--

I20-
K. *

1C
o

ro:*r-in:

L g

140-^-

LITHOLOGY

Ground Surface (58^1.4 '̂)

Si/ty SAND and GRAVEL

Fresh 8A5ALT

Loose CINDERS

1. CLAY and C/MDERS

Fresh 8A5ALT

Weathered &A5AL.T

Fresh &A5ALT

Fresh B>A5>ALT

End of Borehole

WELL COMPLETION

~IOin. casing to 15ft.

'.- |—-IO in. open hole to 5£ ft

-Sin. casing to 52ft., cut
at 35 ft. and pulled out.

•h3 in. open hole to

4 in. &VC. Sched 4O,
flush joint threaded.

-4in. PVC screen, ZO slot,
from HO to IZO ft.

LEGEND

[̂ j Cement Grout

£>e.ntonite

Gravel Backfill

Scale I in. to 20 ft. \ \ Casing with drive shoe.

— Colder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 22 Figure A-22

n
o
y
e

-- duty SAND (TAILINGS)

20

40-- weathered BASALT

60--

Q)
<U

±™.
J

<
O

80--

O.
O
Q

100--

120-1-

LITHOLOGY

Ground Surface (S?5Z.44')
GRAVEL and Coe&LES (5LAG)

Silty CLAY

Silfy SAND with
weathered &A5ALT

Fresh &A5ALT

Loose

Fresh &A5ALT

-. Weathered BASALT

End of Borehole

WELL COMPLETION

in. open hole to 7ft

-Bin. casing fo 44ft.

—Sin. open hole to 112 ft.

-4in. PVC 5ched.40
flush joint threaded

t — 4 i n - pvc screen, 2O slot,
from 107 fo IIZ ft.

I

K
O

IO
f
in

LEGEND

]̂ Cement Grout

Cave

\ [ Casing with drive shoe..

1

Scole I in. to 20 ft.

Colder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 23 Figure A-23

LITHOLOGY

Ground
GRAVEL and COBBLES

-- Si/ty 5AND

20

40" Weathered BASALT

60--

0>
*~

-C
"5.
o

100--

120--

140--

160

Silly CLAY

Silty SAtiD with weathered
BASALT

80-- Loose CINDERS

Fresh BASALT

Weathered &ASAL.T

.. Fresh BASALT

Sheet lofZ

WELL COMPLETION

. Cont'd on sheet 2ofZ
Scole I in. to 20 ft

-lO in. casing to 4-4 ft.

:UIO in. open hole to 86 ft

in. casing with shoe to
88ft, cut at 6Zft. and

I pulled out.

I

\t~-Sin. open hole to 231ft

^—4 in. PVC Sched. 4O,
flush joint threaded.

Golder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 23
Figure

Sheet 2ofZ

160

LITHOLOGY

Conif 'd from sheet I of 2
Fresh BASALT
Weathered BASALT
CLAY ~

WELL COMPLETION

Weathered BASALT

180 --
Fresh e>A5ALT^ fractured.

Li
r

o>

4in. PV£ screen, 2O slot,
from I7& to !6&>ft.

"̂5.
O

.-200--
• o a

Fresh BASALT

220--

End of Borehole

*r
CO

0>
o

<
o

240-1-

o
u
»

LEGEND

; Cement Grout

I

K
O

to
in

CJ
^~
00

12 Grovel Backfill

&\ Ca\/e

\ \ Casing with drive Sho<S.

Scole I in. to 20 ft.

— Colder Associates
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LITHOLOGY AND WELL COMPLETION

MONSANTO TW 24 Figure A-24

I 1

iiji-
o

P!: >
}:•! UJ

. 10

in
< i

CM
*T
CO

£• g

I £

LITHOLOGY

Ground Surface

-• 5ilty

20

40:~ Weathered BASALT

so--

80--

Q.
0
O

100-1-

GRAVEL and COBBLES (SLAG)

(Tailings)

Silly CLAY

Silty SAND and weathered
BASALT

Fresh BA5ALT

Loose

of Borehole

WELL COMPLETION

AO. casing to 45 ft.

\~-8in. open hole to

•'I flush joint threaded
'•}

'A
= V~ 4 in. PVC screen, ZO slot,
— "^ I r *-)*-> L /*-\ -o r i

LEGEND

[î l Cement Grout

Gravel

\ \ Casing with drive shoe.

I
Scale I in. to 20 ft

Colder Associates
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LITHOLOGY AND WELL COMPLETION

MONSANTO TW25 Fi9ure A"25

0 _

20-

40-

60-

a>
0)

\8°-
JZ

"5.
CJ
Q

100-

120

140-

,,:

LITHOLOGY

Ground Surface ($<$ 95. SO ')

X

- Silty GRAVEL and COBBLES
(FILL)

. Fresh BASALT

Si It Li SAHC?

Fresh BASALT

SiltLj SAMO

Sandy 5ILT to sifty SANP

Fresh BASALT

Weathered BASALT, fractured

Fresh BASALT

. Fresh BASALT and SANO.

Fresh BASALT

S>iltu CLAY
Fine 5A*J£>

- Weathered BASALT î /th
£/MC>Ef?6.

Cont'd. on, sheet Z of Z

\

Scale 1 in. to 20 ft

•.

\\e

Sheet 1 of Z

WELL COMPLETION

>Q •

:

^

•~—/Om. cosing to £7 ff.

\-IO in. open hole to /O5ft.

•I — 8 in. casing with drive
' shoe to /OS ft. Casing

cut at 8Oft. and SO ft but
could not b>e pulled out.

J

•*—8in. open hofe to ZSOft.

flush joint threaded.



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 25 Figure

r

y

c
r
L

Li CO

o
<u

M
Q

o
1C

140 -r

160- :

.. Fresh BASALT

180

Fresh BASALT

200"

'220--

CL
o>
Q

240--

260-1-

LITHOLOGY

Conf'd. from sheet I of Z

Fresh &A5ALT

Weathered &A5ALT

Weathered BASALT

Weathered BASALT

Fresh &A5ALT

Weathered BASALT

Fresh & AS ALT

End of Borehole

Sheet Zof Z

WELL COMPLETION

4in. PV£ screen, ZO slot

LEGEND

\\ Cement Grout

G>Gntonite

Gravel Backfill

\ \ Casing with drive $hoe.

Scole I in. to 20 ft.

Golder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 26
Figure A-26

LITHOLOGY

Ground Surface (599'5.58')

20--

-. Fresh &A5ALT

40 --

60-i

80"

CL
0)
O

IOO--

140--

I60-1-

5/7fu GRAVEL and
(FILL)

5'ilty, SAND and
weathered BASALT

Fresh BASALT

Fine SAHO
Fresh BASALT

Fresh &ASALT

Weathered BASALT

Fresh BASALT

Fine

Fresh BASALT

'20- -pine SAND and weathered &ASALT

Fresh BASALT

SILT

Weathered BASALT and

End of Borehole

WELL COMPLETION

Scole I in. to 20 ft

— Colder Associates

~IO in. casing to 27ft

— lOin. open hole to

r n. casing iv/Yh shoe
to 97 ft. (casing cut at

4Oft. but could not be
pulled out.

8 in. open hole to !4?ft

-4 in. PVC, Sched. 4O,
flush joint threaded.

4 in. PVC Screen, 2D$/ot
from 13&.5 to 141.5 ft.

LEGEND

^ Cement Grout

&ockfill

[T>l Ca\/e

\ \ Casing with drive shoe.



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 27 Figure A-27

t .

[i
li

y
o

LITHOLOGY

Ground Surface (5995.5O')

.. Siltg GRAVEL (Fill)

20--

40--

60"

TT
CO

o :

80-r

a

a

Gravelly CLAY

Siltu, SAND and weathered
BASALT

Fresh BASALT

Fine SAND
Fresh BASALT

Fine SAND and
BASALT

Fresh BASALT

Weathered BASALT

100 -*- End of Borehole

WELL COMPLETION

—£ in. casing to 27 ft.

•8in. open hole to 98ft

4-in. PVC^ Sched. 4O,
flush joint threaded

în. PVC screen, ZO slot,~

t ro .

Ib g

LEGEND

[̂  Cement Grout

^ Gravel

&\ Ca\/e

\ \ Casing with drive shoe..

Scale I in. to 20 ft

Golder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 28 Figure A-28

LITHOLOGY

Ground Surface

20-

40 .. Fresh BASALT

60--

L,-'CO
80--

oa
o

a
o
a

I004-

GRAVEL. (FILL)

5'iH-ij CLAY

Fresh BASALT

Weathered BASALT with
cloy.

Weathere-d fractured &ASALT

Fresh BASALT

Loose CINOERS and
&ASALT

End of Borehole

O'
ut

*

fc *fe <
B IK

a

I

ro
V
in

O
z

o
tr

WELL COMPLETION

•>; I—/0//I. open hole to 33ft

•I

:\~-8/n. open hole to 89ff.
-I
:\—4in. PVC 5ched. 4O,

flush joint threaded

11-

4-in. PVC screen, ?O slot,
from 79 to 89ft

LEGEND

[v^ Cement Grout

[TH Ca\/e

\ \ Casing with drive shoe..

Scole I in. to 20 ft

I Golder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 29 Figure A-29

LITHOLOGY

Ground Surface (5^81.1O')

20-i

60 JL

GRAVEL (FILL)

5Hi-y CLAY

Fresh BASALT

Weathered BASALT with
cloy-C

"a.

° 40 4- ^ATSS/? BASALT

fathered &ASALT. fractured
End of Borehole

o'
Ul

*

ro
T
in

i
CM
TT
CO

WELL COMPLETION

- l̂Oin. casing to ZO ft

*~~JO in. open hole to 47ft.
4in. P.VC,Sched4O>

flush joint threaded.

4 in. PV£. screen, ZO5lof,
from 42 to 41 ft

LEGEND

(53 Cement Grout

B>entonlte

Gravel Backfill

Cave

\ \ Casing with drive shoe.

Scole I in. to 2O ft.

Colder Associates



LITHOLOGY AND WELL COMPLETION

MONSANTO TW 30 Figure A-30

LITHOLOGY

Ground Surface ̂ 5990.959

n
r~v.
i ;

y
n

20--

40

a.
o>
O

60"

80

Si/fy GRAVEL (FILL)

CLAY

Fresh BASALT

Silfu SAtJD

Fresh BASALT
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LITHOLOGY AND WELL COMPLETION

MONSANTO TW 31
Figure A-31
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LITHOLOGY AND WELL COMPLETION

MONSANTO TW 32
Figure A-3 2

LITHOLOGY

Ground Surface

WELL COMPLETION

20

40'•' Fresh BASALT

60-i

co:
80-r

Q.
0>
O

100

Bi >£.' tu
Ei <f

a.
o

120-

I

I
coj
d
z

Sil+y SAND.

Fresh BASALT
1:

5i/t(j SAUD and

Siltu
&4SAL.T

GRAVEL.
Fresh BASALT

Silfy SAND and GRAVEL and
fractured BASALT.

&A5ALT and
CINDERS

Fresh &ASALT

Fresh &ASALT

SAMP and CLAY

Fresh BASALT

Fractured BASALT
and

Fresh BASALT

CLAY

140- Fresh BASALT

Fractured BASALT with

; Fresh BASALT

0 ont'd. on

n. open hole fo 4Coft

r-— 8 in. cosing to 4<o ft.

\

open hole to !9Oft

. 4 in. PVC, dehed. 4O,
'•[ flu$h joint threaded.

I
Scole I in. to 20 ft
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LITHOLOGY AND WELL COMPLETION

MONSANTO TW 32
Figure
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LITHOLOGY AND WELL COMPLETION

MONSANTO TW 33
Figure A-33
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LITHOLOGY AND WELL COMPLETION

MONSANTO TW 34
Figure A-34
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LITHOLOGY AND WELL COMPLETION

MONSANTO TW 35
Figure A-35

LITHOLOGY

Ground Surface (5895.03')

20--

40--

60--

80--

Q.
O)
O

IOO--

120--

, . Siltu CLAY
\ Presh BASALT'

Weathered &A5ALT
Fresh J3A5AL.T

Weathered 8A5ALT,
occ. sandy.

Fresh BASALT

Fresh &ASALT

5iltQ SAMP and

Fresh BA5ALT

Fractured BASALT
- - End o-f Borehole

J~

WELL COMPLETION

I.

in. open hole to ZG> ft.

\-IOln. casing to ZZ.

t—IOin. open hole to SI ft
' 4 in. PVC 5ched. 4O,
' flush joint threaded.

'-r-8in. casing to 57 ft. Cut at
'' 4Oft. and pulled aut.

;•[-—Sin. open hole to 128 ff.

.
in. PVC screen, 2O3ht>

from 73.5 to 83.5 ft.
„ f'a

|«V»/.

LEGEND

f!̂ l Cement Grout

Scole I in. to 20 ft

— Golder Associates
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LITHOLOGY AND WELL COMPLETION

MONSANTO TW 36
Figure A-36
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LITHOLOGY AND WELL COMPLETION

MONSANTO TW 37
Figure A-37
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LITHOLOGY AND WELL COMPLETION

MONSANTO TW 38
Figure A-38
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LITHOLOGY AND WELL COMPLETION

MONSANTO TW 39
Figure A-39
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LITHOLOGY AND WELL COMPLETION

MONSANTO TW 40
Figure A-40
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Water Quality Analysis and Stiff Diagrams
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PH
Eh

ing/1
meg/1

NOTES FOR CHEMICAL ANALYSES

referenced to standard units
In millivolts referenced to silver-silver chloride
electrode
milligrams per liter
milliequivalents per liter

alkalinity is expressed with reference to milligrams per
liter of calcium carbonate (mg/1 of CaCo3)
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbona te(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HS104)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

PW1
76001
11-13-84

10
6.65
110
1090

7.3
1570
444
NA

1040
1.6
640

2.55E-02

mg/1
2.26E-04

136
73
93
24

0.007
0.192

: 0.02
0.05

: 0.02
0.02
0.005
0.02
0.08
0.18
0.6

327

mg/1
541
ERR
ERR
ERR
141

1.7.3
45.9
166

72.5
ERR
ERR
ERR
ERR

968

1.25
0.72%

meq/1
2.24E-04
6.79E+00
6.00E+00
4.05E+00
6.14E-01

3.42E-03
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

5.51E-03
3.33E-02

1.75E+01

meq/1
8.87E+00

ERR

ERR
3.98E+00
9.11E-02
8.50E-01
3.46E+00

ERR
ERR
ERR
ERR

1.72E+01

moles/ 1

3.39E-03
3.00E-03
4.05E-03
6.14E-04
9.34E-08
1.71E-06
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
1.57E-06
2.75E-06
3.33E-05

moles/1
8.87E-03

ERR
ERR
ERR

3.98E-03
9.11E-05
8.50E-04
1.73E-03
7.54E-04

ERR
ERR
ERR
ERR



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pU (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HSi04)
(S104)

Total

PW2
76002
11-13-84

12
6.72
130
780

7.4
1130
425
NA
782
0.70
548

1.94E-02

mg/1
1.92E-04

124
58
38
12

0.005
0.005
0.02
0.05
0.02
0.02
0.005
0.02
0.05
0.02
0.6

meq/1
1.91E-04
6.19E+00
4.77E400
1.65E+00
3.07E-01

8.90E-05
7.69E-04
2.24E-03
1 .93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

moles/ 1

3.09E-03
2.39E-03
1.65E-03
3.07E-04
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
3.06E-07
3.33E-05

233

Dissolved Solid Ratio
Cation-Anion Balance

772

1.29
0.25%

1.30E+01

mg/1
518
ERR
ERR
ERR
58

0.69
40.5
95

59.9
ERR
ERR
ERR
ERR

meq/1
8.49E+00

ERR

ERR
1.64E-H)0
3.63E-02
7.50E-01
1.98E+00

ERR
ERR
ERR
ERR

moles/1
8.49E-03

ERR
ERR
ERR

1.64E-03
3.63E-05
7.50E-04
9.89E-04
6.23E-04

ERR
ERR
ERR
ERR

1.29E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identif ication:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pll (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HSi04)
(Si04)

Total

PW3
76003
11-13-84

10
6.78
140
750

7.2
1080
429
NA
756
0.61
518

1.82E-02

mg/1
1.67E-04

115
56
32
9

0.005
0.005
0.02
0.05
0.02
0.02
0.005
0.02
0.06
0.02
0.6

meq/1
1.66E-04
5.74E-KH)
4.61E+00
1.39E+00
2.30E-01

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

moles/1

2.87E-03
2.30.E-03
1.39E-03
2.30E-04
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
1.18E-06
3.06E-07
3.33E-05

Dissolved Solid Ratio
Cation-Anion Balance

213

mg/1
523
ERR
ERR
ERR
45

0.55
39
84

55.1
ERR
ERR
ERR
ERR

747

1.27
1.38%

1.20E+01

meq/1
8.57E+00

ERR

ERR
1.27E+00
2.89E-02
7.22E-01
1.75E+00

ERR
ERR
ERR
ERR

1.23E+01

moles/1
8.57E-03

ERR
ERR
ERR

.27E-03

.89E-05

.22E-04

1,
2.
7,
8.74E-04
5.73E-04

ERR
ERR
ERR
ERR



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard'units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HCOS)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(Si04)

Total

TW2
76006
11-13-84

10
6.71
160
675

7.0
982
464
NA
712
0.32
$38

1.77E-02

mg/1
1.97E-04

120
58
17
5

0.005
0.005
0.02
0.05
0.02
0.02
0.005
0.02
0.06
0.29
0.6

meq/1
1.95E-04
5.99E+00
4.77E-KK)
7.39E-01
1.28E-01

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

8.87E-03
3.33E-02

moles/1

2.99E-03
2.39E-03
7.39E-04
1.28E-04
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
1.18E-06
4.44E-06
3.33E-05

201

Dissolved Solid Ratio
Cation-Anion Balance

721

1.30
0.61%

1.17E-K)!

mg/1
566
ERR
ERR
ERR
22

0.22
4.70
74

54.8
ERR
ERR
ERR
ERR

meq/1
9.27E+00

ERR

ERR
6.21E-01
1.16E-02
8.70E-02
1.54E+00

ERR
ERR
ERR
ERR

moles/1
9.27E-03

ERR
ERR
ERR

6.21E-04
1.16E-05
8.70E-05
7.70E-04
5.70E-04

ERR
ERR
ERR
ERR

1.15E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification: TW3
Laboratory Number: 75934
Date Sampled: 11-10-84

Field Measurements
Temperature( C) 11
pH (standard units) 5.82
Eh (millivolts) 58
Conductivity (micromhos/cm) 1030

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total 359

Anions mg/1
Bicarbonate(HC03) 1182
Carbonate (C03) ERR
Dissolved Carbon Dioxide (H2C02) ERR
Hydroxide (OH) ERR
Chloride (Cl) 28
Fluoride (F) 0.3
Nitrate + Nitrite (NOX) < 0.19
Sulfate (S04) 122
Dissolved Silica (H4Si04) 139.6

(H3Si04) ERR
(H2Si04) ERR
(HSi04) ERR
(SiOA) ERR

6.3
1600
970
NA

1160
0.51
1013

3.44E-02

mg/1
1.53E-03

122
172
37
18

0.005
0.005.
0.02
9.03
0.02
0.32
0.005
0.02
0.02
0.03
0.9

meq/1
1.51E-03
6.09E+00
1.41E+01
1.61E+00
4.60E-01

8.90E-05
7.69E-04
4.04E-01
1.93E-04
1.16E-02

1.85E-04

9.18E-04
4.99E-02

moles/1

3.04E-03
7.08E-03
1.61E-03
4.60E-04
6.67E-08
4.45E-08
3.85E-07
1.62E-04
9.65E-08
5.82E-06
6.33E-08
1.85E-07
3.93E-07
4.59E-07
4.99E-05

Total 1473

2.28E+01

meq/1
1.94E-KU

ERR

ERR
7.90E-01
1.58E-02
3.52E-03
2.54E+00

ERR
ERR
ERR
ERR

2.27 E+01

moles/1
1.94E-02

ERR
ERR
ERR

7.90E-04
1.58E-05
3.52E-06
1.27E-03
45E-03

ERR
ERR
ERR
ERR

1

Dissolved Solid Ratio
Cation-Anion Balance

1.58
0.10%



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total
\

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04) .
(HS104)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW4
75935
11-10-84

7
5.80
30

1180

6.2
1860
999
NA

1160
0.46
1023

3.52E-02

mg/1
1.60E-03

128
171
34
17

: 0.005
: 0.005
: 0.02

14.2
: 0.02

0.6
: o.oos
: 0.02
: 0.02

0.11
5.4

370

mg/1
1218
ERR
ERR
ERR
26
0.4

: 0.19
125

141.3
ERR
ERR
ERR
ERR

1511

1.62
0.02%

meq/1
1.58E-03
6.39E+00
1.41E+01
1.48E+00
4.35E-01

8.90E-05
7.69E-04
6.36E-01
1.93E-04
2.18E-02

1.85E-04

3.37E-03
2.99E-01

2.33E+01

meq/1
2.00E+01

ERR

ERR
7.33E-01
2.11E-02
3.52E-03
2.60E-I-00

ERR
ERR
ERR
ERR

2.33E+01

moles/1

3.19E-03
7.03E-03
1.48E-03
4.35E-04
6.67E-08
4.45E-08
3.85E-07
2.54E-04
9.65E-08
1.09E-05
6.33E-08
1.85E-07
3.93E-07
1.68E-06
2.99E-04

moles/1
2.00E-02

ERR
ERR
ERR

7.33E-04
2.11E-05
3.52E-06
1.30E-03
1.47E-03

ERR
ERR
ERR
ERR
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anibns
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HSi04)
(Si04)

TW5
75936
11-09-84

12
6.65
94

1920

6.8
2820
290
NA

2000
2.78
909

4.58E-02

mg/1
2.26E-04

173
116
193
144

: 0.005
0.211
0.11
0.05
0.02
3.43

: o.on
0.02
0.05
1.33
5.5

meq/1
2.24E-04
8.63E+00
9.54E400
8.39E+00
3.68E+00

3.75E-03
4.23E-03
2.24E-03
1.93E-04
1.25E-01

1.85E-04

4.07E-02
3.05E-01

moles/1

4.32E-03
4.77E-03
8.39E-03
3.68E-03
6.67E-08
1.88E-06
2.12E-06
8.95E-07
9.65E-08
6.24E-05
1.39E-07
1.85E-07
9.82E-07
2.03E-05
3.05E-04

Total

Dissolved Solid Ratio
Cation-Anion Balance

637

mg/1
354
ERR
ERR
ERR
332
10.7
46.6
632

107.5
ERR
ERR
ERR
ERR

1482

1.06
1.63%

3.07E+01

meq/1
5.79E+00

ERR

ERR
9.37E+00
5.63E-01
8.63E-01
1.32E+01

ERR
ERR
ERR
ERR

2.97E+01

moles/1
5.79E-03

ERR
ERR
ERR

9.37E-03
5.63E-04
8.63E-04
6.58E-03
1.12E-03

ERR
ERR
ERR
ERR



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HS104)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW6
75937
11-09-84

13
6.60
43

2010

6.9
2900
256
NA

2050
2.72
784

4.22E-02

mg/1
2.53E-04

156
96
175
149

: 0.005
0.47
0.128

: 0.05
: 0.02

3.73
0.029

: 0.02
0.07
3.17
0.6

584

mg/1
312
ERR
ERR
ERR
250
12.9
51.7
663

104.4
ERR
ERR
ERR
ERR

1394

0.97
0.40%

meq/1
2.51E-04
7.78E+00
7.89E+00
7.61E+00
3.81E+00

8.36E-03
4.92E-03
2.24E-03
1.93E-04
1.36E-01

1.85E-04

9.70E-02
3.33E-02

2.74E+01

meq/1
5.11E+00

ERR

ERR
7.05E+00
6.79E-01
9.57E-01
1.38E+01

ERR
ERR
ERR
ERR

2.76E+01

moles/1

3.89E-03
3.95E-03
7.61E-03
3.81E-03
6.67E-08
4.18E-06
2.46E-06
8.95E-07
9.65E-08
6.79E-05
3.67E-07
1.85E-07
1.37E-06
4.85E-05
3.33E-05

moles/1
5.11E-03

ERR
ERR
ERR

7.05E-03
6.79E-04
9.57E-04
6.90E-03
1.09E-03

ERR
ERR
ERR
ERR
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/'cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/on)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)

TW7
75938
11-10-84

10
5.93

16
1200

6.4
1870
960
NA

1130
0.61
976

3.30E-02

mg/1
1 . 18E-03

109
171
44
23

: 0.005
0.005

: 0.02
5.61

: 0.02
0.3

: 0.005
0.02
0.032
0.02
0.6

meq/1
1.17E-03
5.44E+00
1.41E+01
1.91E+00
5.88E-01

8.90E-05
7.69E-04
2.51E-01
1.93E-04
1.09E-02

1.85E-04

6.12E-04
3.33E-02

.'

moles/1

2.72E-03
7.03E-03
1.91E-03
5.88E-04
6.67E-08
4.45E-08
3.85E-07
l.OOE-04
9.65E-08
5.46E-06
6.33E-08
1.85E-07
6.28E-07
3.06E-07
3.33E-05

(Si04)

Total

354

Dissolved Solid Ratio
Cation-Anion Balance

1422

1.57
0.44%

2.23E-KH

mg/1
1170
ERR
ERR
ERR
41
0.4
0.19
84

126.3
ERR
ERR
ERR
ERR

meq/1
1.92E+01

ERR

ERR
1.16E+00
2.11E-02
3.52E-03
1.75E+00

ERR
ERR
ERR
ERR

moles/1
1.92E-02

ERR
ERR
ERR

1.16E-03
2.11E-05
3.52E-06
8.74E-04
1.31E-03

ERR
ERR
ERR
ERR

2.21E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
~Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)

TW8
75940
11-10-84

12
6.31
26

1600

7.1
2410
1660
NA

1590
0.49
1663

5.28E-02

mg/1
4.94E-04

46
376
46
22

C 0.005
C 0.005
C 0.02
< 0.05
C 0.02
C 0.02
< 0.005
(. 0.02

0.05
0.03
0.9

meq/1
4.90E-04
2.30E+00
3.09E+01
2.00E+00
5.63E-01

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

9.18E-04
4.99E-02

moles/1

1.15E-03
1.55E-02
2.00E-03
5.63E-04
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
4.59E-07
4.99E-05

(Si04)

Total

491

Dissolved Solid Ratio
Cation-Anion Balance

2259

1.73
1.05%

3.58E+01

mg/1
2024
ERR
ERR
ERR
14

0.25
0.19
73

148.2
ERR
ERR
ERR
ERR

meq/1
3.32E+01

ERR

ERR
3.95E-01
1.32E-02
3.52E-03
1.52E+00

ERR
ERR
ERR
ERR

moles/1
3.32E-02

ERR
ERR
ERR

3.95E-04
1.32E-05
3.52E-06
7.60E-04
1.54E-03

ERR
ERR
ERR
ERR

3.51E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification: TW9
Laboratory Number: 75941
Date Sampled: 11-09-84

Field Measurements
Temperature( C) 10
pH (standard units) 5.9
Eh (millivolts) 40
Conductivity (micromhos/cm) 1320

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total 418

Anions mg/1
Bicarbonate(HC03) 1414
Carbonate (C03) ERR
Dissolved Carbon Dioxide (H2C02) ERR
Hydroxide (OH) ERR
Chloride (Cl) 29
Fluoride (F) 0.35
Nitrate + Nitrite (NOX) 0.19
Sulfate (S04) 103
Dissolved Silica (H4S104) 142.4

(H3S104) ERR
(H2S104) ERR
(HSi04) ERR
(Si04) ERR

6.2
1940
1160
NA

1260
0.5
1162

91E-02

mg/1
27E-03

169
180
39
18

0.005
0.005
0.03
10.8
0.02
0.58
0.005
0.02
0.02
0.03
0.6

meq/1
1.26E-03
8.43E+00
1.48E-KI1
1.70E+00
4.60E-01

8.90E-05
1.15E-03
4.83E-01
1.93E-04
2.11E-02

1.85E-04

9.18E-04
3.33E-02

moles/ 1

4.22E-03
7.40E-03
1.70E-03
4.60E-04
6.67E-08
4.45E-08
5.77E-07
1.93E-04
9.65E-08
1.06E-05
6.33E-08
1.85E-07
3.93E-07
4.59E-07
3.33E-05

Total 1689

2.59E+01

meq/1
2.32E+01

ERR

ERR
8.18E-01
1.84E-02
3.52E-03
2.14E+00

ERR
ERR
ERR
ERR

2.62E+01

moles/1
2.32E-02

ERR
ERR
ERR

8.18E-04
.84E-05
.52E-06
.07E-03
.48E-03

ERR
ERR
ERR
ERR

1,
3.
1,
1,

o

Dissolved Solid Ratio
Cation-Anion Balance

1.67
0.43%



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pll (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carboa Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HS104)
(Si04)

Total

TW10
75942
11-09-84

14
6.24
39

1220

6.7
1680
849
NA

1080
0.66
876

2.93E-02

mg/1
5.80E-04

125
137
45
15

0.005
: 0.005

0.06
1.27

: 0.02
2

: 0.005
: 0.02
: 0.02

0.06
: 0.6

meq/1
5.75E-04
6.24E+00
1.13E+01
1.96E+00
3.84E-01

8.90E-05
2.31E-03
5.68E-02

. 1.93E-04
7.28E-02

1 .85E-04

1 .84E-03
3.33E-02

moles/1

3.12E-03
5.64E-03
1.96E-03
3.84E-04
6.67E-08
4.45E-08
1.15E-06
2.27E-05
9.65E-08
3.64E-05
6.33E-08
1 .85E-07
3.93E-07
9.18E-07
3.33E-05

326

Dissolved Solid Ratio
Cation-Anion Balance

1261

1.47
0.09%

2.00E-KH

mg/1
1035
ERR
ERR
ERR
71

0.87
7.83
43

103.0
ERR
ERR
ERR
ERR

meq/1
1.70E+01

ERR

ERR
2.00E+00
4.58E-02
1.45E-01
8.95E-01

ERR
ERR
ERR
ERR

moles/1
1.70E-02

ERR
ERR
ERR

2.00E-03
4.58E-05
1.45E-04
4.48E-04
1.07E-03

ERR
ERR
ERR
ERR

2.00E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(Si04)

TW11
75943
11-13-84

12
6.81
180
1080

7.4
1540
473
NA
993
1.86
647

2.74E-02

mg/1
1.56E-04

167
56
109
6

: 0.005
0.005

: 0.02
: o.os
: 0.02

0.02
: 0.005
: 0.02
: 0.02

0.02
: 0.6

meq/1
1.55E-04
8.33E+00
4.61E+00
4.74E+00
1.53E-01

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

moles/1

4.17E-03
2.30E-03
4.74E-03
1.53E-04
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
3.93E-07
3.06E-07
3.33E-05

Total

Dissolved Solid Ratio
Cation-Anion Balance

339

mg/1
577
ERR
ERR
ERR
114

0.24
21.2
264

39.7
ERR
ERR
ERR
ERR

1016

1.36
1.91%

1.79E+01

meq/1
9.45E+00

ERR

ERR
3.22E400
1.26E-02
3.93E-01
5.50E+00

ERR
ERR
ERR
ERR

1.86E+01

moles/1
9.45E-03

ERR
ERR
ERR

.22E-03

.26E-05

.93E-04

.75E-03

.13E-04
ERR
ERR
ERR
ERR

3.
1,
3,
2,
4.



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant -

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(SI04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW12
75944
11-13-84

10
7.43
160
1610

8.0
2440
456
NA

1440
3.76
672

3.65E-02

mg/1
3.75E-05

167
62
224
10

: 0.005
: o.oos
: 0.02
: 0.05
: 0.02

0.03
0.005

: 0.02
0.61

: 0.02
39

503

mg/1
556
ERR
ERR
ERR
233
0.25
35.6
475
53.4
ERR
ERR
ERR
ERR

1353

1.29
1.25%

meq/1
3.72E-05
8.33E+00
5.10E+00
9.74E+00
2.56E-01

8.90E-05
7.69E-04
2.24E-03
1.93E-04
1.09E-03

1.85E-04

6.12E-04
2.16E-KIO

2.56E+01

meq/1
9.11E+00

ERR

ERR
6.57E+00
1.32E-02
6.59E-01
9.89E+00

ERR
ERR
ERR
ERR

2.62E+01

moles/1

4.17E-03
2.55E-03
9.74E-03
2.56E-04
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
5.46E-07
6.33E-08
1.85E-07
1.20E-05
3.06E-07
2.16E-03

moles/1
9.11E-03

ERR
ERR
ERR

6.57E-03
1.32E-05
6.59E-04
4.94E-03
5.55E-04

ERR
ERR
ERR
ERR
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW13
75945
11-07-84

10
7.03
81
590

7.7
867
434
NA
542
0.43
438

1.47E-02

mg/1
9.41E-05

103
44
21
3

: o.oos
0.005

: 0.02
: 0.05
: 0.02

0.03
0.005
0.02
0.04
0.02

: 0.6

172

mg/1
529
ERR
ERR
ERR
16

0.22
16.11

36
42.4
ERR
ERR
ERR
ERR

640

1.50
1.97%

meq/1
9.33E-05
5.14E+00
3.62E+00
9.13E-01
7.67E-02

8.90E-05
7.69E-04
2.24E-03
1.93E-04
1.09E-03

1.85E-04

6.12E-04
3.33E-02

9.79E-K)0

meq/1
8.67E+00

ERR

ERR
4.51E-01
1.16E-02
2.98E-01
7.50E-01

ERR
ERR
ERR
ERR

1.02E+01

moles/1

2.57E-03
1.81E-03
9.13E-04
7.67E-05
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
5.46E-07
6.33E-08
1.85E-07
7.85E-07
3.06E-07
3.33E-05

moles/1
8.67E-03

ERR
ERR
ERR

4.51E-04
1.16E-05
2.98E-04
3.75E-04
4.41E-04

ERR
ERR
ERR
ERR



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HS104)

TW14
75947
11-07-84

10
6.95
160
600

7.2
879
446
NA
526
0.42
475

1.59E-02

mg/1
1.13E-04

126
39
21
3

: 0.005
: 0.005
: 0.02
: o.os
: 0.02
: 0.02
: o.oos
: 0.02

0.02
: 0.02
: 0.60

^

meq/1
1.12E-04
6.29E+00
3.21E-H)0
9.13E-01
7.67E-02

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

moles/1

3.14E-03
1.60E-03
9.13E-04
7.67E-05
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
3.93E-07
3.06E-07
3.33E-05

190 1.05E+01

(Si04)

mg/1
544
ERR
ERR
ERR
7

0.28
12.95

58
38.3
ERR
ERR
ERR
ERR

meq/1
8.91E-I-00

ERR

ERR
1.97E-01
1.47E-02
2.40E-01
1.21E+00

ERR
ERR
ERR
ERR

raoles/1
8.91E-03

ERR
ERR
ERR

1.97E-04
1.47E-05
2.40E-04
6.04E-04
3.98E-04

ERR
ERR
ERR
ERR
0

Total 660 1.06E+01

Dissolved Solid Ratio
Cation-Anion Balance

1.62
0.22%
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Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(S104)

TW15
75948
11-07-84

10
7.04
88
590

7.5
864
427
NA
512

0.38
480

1.59E-02

mg/1
9.19E-05

123
42
19
3

: 0.005
0.005

: 0.02
: 0.05
: 0.02

0.02
: 0.005

0.02
0.07
0.02
0.60

meq/1
9.12E-05
6.14E+00
3.45E400
8.26E-01
7.67E-02

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

moles/1

3.07E-03
1.73E-03
8.26E-04
7.67E-05
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
1.37E-06
3.06E-07
3.33E-05

Total

Dissolved Solid Ratio
Cation-Anion Balance

188

mg/1
521
ERR
ERR
ERR
13

0.19
16.31

62
39.4
ERR
ERR
ERR
ERR

651

1.64
0.16%

1.05E+01

meq/1
8.53E-+00

ERR

ERR
3.67E-01
l.OOE-02
3.02E-01
1.29E+00

ERR
ERR
ERR
ERR

1.05E+01

moles/1
8.53E-03

ERR
ERR
ERR

3.67E-04
l.OOE-05
3.02E-04
6.45E-04
4.10E-04

ERR
ERR
ERR
ERR



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled :

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HCOS)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HS104)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW16
75949
1 1-08-84

11
6.42

77
1120

7.0
1740
563
NA

1090
1.80
681

2.87E-02

mg/1
3.83E-04

139
81
108
20

0.039
1.41

< 0.02
< 0.05
< 0.02

0.21

< 0.6

350

mg/1
686
ERR
ERR
ERR
121

7.43
39.3
222
81.8
ERR
ERR
ERR
ERR

1158

1.38
3.88%

meq/1
3.80E-04
6.94E400
6.66E+00
4.70E+00
5.12E-01

2.51E-02
7.69E-04
2.24E-03
1.93E-04
7.64E-03

3.33E-02

1.89E+01

meq/1
1.12E+01

ERR

ERR
3.41E+00
3.91E-01
7.28E-01
4.62E400

ERR
ERR
ERR
ERR

2.04E+01

moles/1

3.47E-03
3.33E-03
4.70E-03
5.12E-04
5.21E-07
1.25E-05
3.85E-07
8.95E-07
9.65E-08
3.82E-06

3.33E-05

moles/1
1.12E-02

ERR
ERR
ERR

3.41E-03
3.91E-04
7.28E-04
2.31E-03
8.51E-04

ERR
ERR
ERR
ERR



I f
f

i;

i

Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant '•

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HSi04)
(SiOA)

Total

TW17
75950
11-08-84

10
6.79
32

1080

7.5
2140
361
NA

1400
2.19
805

3.47E-02

mg/1
1.63E-04

72
152
143
26

0.005
0.087
0.02
0.05
0.02
1.4

0.008
0.02
0.03
0.16
0.6

meq/1
1.62E-04
3.59E+00
1.25E+01
6.22E400
6.65E-01

1.55E-03
7.69E-04
2.24E-03
1.93E-04
5.10E-02

1.85E-04

4.90E-03
3.33E-02

moles/1

1.80E-03
6.25E-03
6.22E-03
6.65E-04
6.67E-08
7.74E-07
3.85E-07
8.95E-07
9.65E-08
2.55E-05
1.01E-07
1.85E-07
5.89E-07
2.45E-06
3.33E-05

f
Dissolved Solid Ratio
Cation-Anion Balance

395

mg/1
440
ERR
ERR
ERR
301
8.14
5.0
338
79.4
ERR
ERR
ERR
ERR

1172

1.12
0.41%

2.31E+01

meq/1
7.21E+00

ERR

ERR
8.49E+00
4.28E-01
9.26E-02
7.04E+00

ERR
ERR
ERR
ERR

2.33E+01

moles/1
7.21E-03

ERR
ERR
ERR

8.49E-03
4.28E-04
9.26E-05
3.52E-03
8.26E-04

ERR
ERR
ERR
ERR



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements ,
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW18
75952
11-08-84

12
6.25

21
1230

6.6
1800
931
NA

1090
0.49
922

3.00E-02

mg/1
5.67E-04

71
181
34
21

: 0.005
: 0.005
: 0.02

4.36
: 0.02

0.19
: o.oos
: 0.02
: 0.02

0.04
: 0.60

meq/1
5.62E-04
3.54E+00
1.49E+01
1.48E+00
5.37E-01

8.90E-05
7.69E-04
1.95E-01
1.93E-04
6.92E-03

1.85E-04

1.22E-03
3.33E-02

'

moles/1

1.77E-03
7.45E-03
1.48E-03
5.37E-04
6.67E-08
4.45E-08
3.85E-07
7.81E-05
9.65E-08
3.46E-06
6.33E-08
1.85E-07
3.93E-07
6.12E-07
3.33E-05

312 2.07E+01

mg/1
1135
ERR
ERR
ERR
20

0.25
0.19

33
12.39
ERR
ERR
ERR
ERR

meq/1
1.86E+01

ERR

ERR
5.64E-01
1.32E-02
3.52E-03
6.87E-01

ERR
ERR
ERR
ERR

moles/ 1
1.86E-02

ERR
ERR
ERR

5.64E-04
1.32E-05
3.52E-06
3.44E-04
1.29E-04

ERR
ERR
ERR
ERR

1201

1.39
2.01%

1.99E+01
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Water Quality Analysis
Monsanto, Inc. '
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HS104)
(Si04)

Total

TW19
76007
11-14-84

12
7.01
97
900

7.4
1330
342
NA
972
0.81
671

2.54E-02

mg/1
9.85E-05

137
80
48
9

: 0.005
: 0.005
: 0.02

0.16
: 0.02
: 0.02
: 0.005
: 0.02
: 0.05
: 0.02
: 0.6

meq/1
9.77E-05
6.84E+00
6.58E+00
2.09E+00
2.30E-01

8.90E-05
7.69E-04
7.16E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

moles/1

3.42E-03
3.29E-03
2.09E-03
2.30E-04
6.67E-08
4.45E-08
3.85E-07
2.86E-06
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
3.06E-07
3.33E-05

Dissolved Solid Ratio
Cation-Anion Balance

275

mg/1
417
ERR
ERR
ERR
77

1.05
37.47
286

59.5
ERR
ERR
ERR
ERR

878

1.19
0.22%

1.58E+01

meq/1
6.83E+00

ERR

ERR
2.17E+00
5.53E-02
6.94E-01
5.95E+00

ERR
ERR
ERR
ERR

1.57E+01

moles/1
6.83E-03

ERR
ERR
ERR

.17E-03

.53E-05

.94E-04

.98E-03

.19E-04
ERR
ERR
ERR
ERR

2.
5.
6.
2.
6,



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(Si04)

Total

TW20
76008
11-14-84

10
6.76

31
775

7.5
1110
346
NA
800
0.78
570

2.14E-02

mg/1
1.75E-04

113
70
43
8

0.005
: 0.005
: 0.02
: 0.05
: 0.02
: 0.02
: 0.005
: 0.02

0.04
: 0.02
: 0.6

meq/l
1.74E-04
5.64E-KX)
5.76E-K10
1.87E+00
2.05E-01

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

moles/ 1

2.82E-03
2.88E-03
1.87E-03
2.05E-04
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
7.85E-07
3.06E-07
3.33E-05

235

Dissolved Solid Ratio
Cation-Anion Balance

778

1.27
0.03%

1.35E+01

mg/1
422
ERR
ERR
ERR
58
1.1

29.14
210

57.8
ERR
ERR
ERR
ERR

raeq/1
6.91E+00

ERR

ERR
1.64E+00
5.79E-02
5.40E-01
4.37E+00

ERR
ERR
ERR
ERR

moles/1
6.91E-03

ERR
ERR
ERR

1.64E-03
5.79E-05
5.40E-04
2.19E-03
6.01E-04

ERR
ERR
ERR
ERR

1.35E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anibns
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
'Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)

x (HSi04)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW21
76009
11-14-84

12
6.42

15
1300

6.8
1900
1100
NA

1210
0.49
1116

3.65E-02

mg/1
3.83E-04

53
239
38
22

: 0.005
0.005

: 0.02
3.01

: 0.02
0.14

: 0.005
0.02
0.04
0.02

: 0.6

356

mg/1
1341
ERR
ERR
ERR
14

0.22
0.85
84

122.8
ERR
ERR
ERR
ERR

1563

1.59
1.11%

meq/1
3.80E-04
2.64E400
1.97E401
1.65E-K)0
5.63E-01

8.90E-05
7.69E-04
1.35E-01
1.93E-04
5.10E-03

1.85E-04

6.12E-04
3.33E-02

2.47E+01

meq/1
2.20E+01

ERR

ERR
3.95E-01
1.16E-02
1.57E-02
1.75E+00

ERR
ERR
ERR
ERR

2.41E+01

moles/ 1

1.32E-03
9.83E-03
1.65E-03
5.63E-04
6.67E-08
4.45E-08
3.85E-07
5.39E-05
9.65E-08
2.55E-06
6.33E-08
1.85E-07
7.85E-07
3.06E-07
3.33E-05

moles/1
2.20E-02

ERR
ERR
ERR

3.95E-04
1.16E-05
1.57E-05
8.74E-04
1.28E-03

ERR
ERR
ERR
ERR



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW22
75953
11-08-84

12
7.12
36

1990

7.5
2930

3/1) 224
) NA
) 2200

2.34
1) 1166

5.27E-02

mg/1
7.65E-05

253
130
184
17

0.015
0.07

< 0.02
0.17

< 0.02
1.13
0.023

< 0.02
0.13
0.3
7.5

593

mg/1
273
ERR

:C02) ERR
ERR
313
9.33
59.4
847
98.6
ERR
ERR
ERR
ERR

1600

1.00
0.46%

meq/1
7.59E-05
1.26E+01
1.07E+01
8.00E+00
4.35E-01

1.25E-03
7.69E-04
7.61E-03
1.93E-04
4.11E-02

1.85E-04

9.18E-03
4.16E-01

3.22E+01

meq/1
4.47E+00

ERR

ERR
8.83E-H)0
4.91E-01
1.10E+00
1.76E+01

ERR
ERR
ERR
ERR

3.25E+01

moles/1

6.31E-03
5.35E-03
8.00E-03
4.35E-04
2.00E-07
6.23E-07
3.85E-07
3.04E-06
9.65E-08
2.06E-05
2.91E-07
1.85E-07
2.55E-06
4.59E-06
4.16E-04

moles/1
4.47E-03

ERR
ERR
ERR

8.83E-03
4.91E-04
1.10E-03
8.82E-03
1.03E-03

ERR
ERR
ERR
ERR
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaCQ3/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW23
75954
11-08-84

11
6.01

19
1350

6.3
2010
659
NA

1470
0.70
1095

4.14E-02

mg/1
9.85E-04

188
152
53
26

0.007
0.034

< 0.02
5.5

< 0.02
0.32
0.007

< 0.02
0.03
0.12
1.0

426

mg/1
803
ERR
ERR
ERR
112

1.31
0.8
455

146.5
ERR
ERR
ERR
ERR

1519

1.32
1.39%

meq/1
9.77E-04
9.38E+00
1.25E-K)!
2.31E+00
6.65E-01

6.05E-04
7.69E-04
2.46E-01
1.93E-04
1.16E-02

1.85E-04

3.67E-03
5.54E-02

2.52E+01

meq/1
1.32E+01

ERR

ERR
3.16E-KX)
6.89E-02
1.48E-02
9.47E+00

ERR
ERR
ERR
ERR

2.59E+01

moles/1

4.69E-03
6.25E-03
2.31E-03
6.65E-04
9.34E-08
3.02E-07
3.85E-07
9.85E-05
9.65E-08
5.82E-06
8.87E-08
1.85E-07
5.89E-07
1.84E-06
5.54E-05

moles/1
1.32E-02

ERR
ERR
ERR

3.16E-03
6.89E-05
1.48E-05
4.74E-03
1.52E-03

ERR
ERR
ERR
ERR



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity Xmicromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total, Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)

> Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)

N Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW24
75955
11-08-84

12
10.5
-7

1475

10.1
2150
172
NA

1410
2.55
689

3.22E-02

mg/1
3.19E-08

225
31
154
14

< 0.005
0.039

< 0.02
0.25

< 0.02
0.04
0.026

< 0.02
0.09
0.19
6.1

431

mg/1
179
15

ERR
5.1
233
3.58
42.8
464
11.7
ERR
ERR
ERR
ERR

954

0.98
0.58%

*

meq/1
3.16E-08
1.12E+01
2.55E400
6.70E+00
3.58E-01

6.94E-04
7.69E-04
1.12E-02
1.93E-04
1.46E-03

1.85E-04

5.81E-03
3.38E-01

2.12E+01

meq/1
2.93E+00
5.00E-01

3.00E-01
6.57E+00
1.88E-01
7.92E-01
9.66E-H)0

ERR
ERR
ERR
ERR

2.09E+01

c-

j

moles/1.

5.61E-03
1.28E-03
6.70E-03
3.58E-04
6.67E-08
3.47E-07
3.85E-07
4.48E-06
9.65E-08
7.28E-07
3.29E-07
1.85E-07
1.77E-06
2.91E-06
3.38E-04

moles/1
2.93E-03
2.50E-04

ERR
3.00E-04
6.57E-03
1.88E-04
7.92E-04
4.83E-03
1.22E-04

ERR
ERR
ERR
ERR
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW25
75956
11-12-84

11
9.40
-1
810

9.8
1200
222
NA
766
3.17
533

2.84E-02

mg/1
4.01E-07

27
113
168
27

: o.oos
: 0.005
: 0.02
: 0.05
: 0.02
: 0.02
: 0.005
: 0.02
: 0.02
: 0.02
: 0.6

336

mg/1
167
51
ERR
ERR
106
0.25

: 0.19
521

20.74
ERR
ERR
ERR
ERR

866

1.57
1.04%

meq/1
3.98E-07
1.35E+00
9.29E+00
7.31E+00
6.91E-01

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

1.87E-K)1

meq/1
2.74E+00
1.70E+00

ERR
2.99E+00
1.32E-02
3.52E-03
1.08E+01

ERR
ERR
ERR
ERR

1.83E+01

moles/1

6.74E-04
4.65E-03
7.31E-03
6.91E-04
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
3.93E-07
3.06E-07
3.33E-05

moles/1
2.74E-03
8.50E-04

ERR
ERR

2.99E-03
1.32E-05
3.52E-06
5.42E-03
2.16E-04

ERR
ERR
ERR
ERR



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification: TW26
Laboratory Number: 75957
Date Sampled: 11-12-84

Field Measurements
Temperature( C) 13
pH (standard units) 7.99
Eh (millivolts) 110
Conductivity (micromhos/cm) 1350

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total 371

Anions mg/1
Bicarbonate(HC03) 452
Carbonate (C03) ERR
Dissolved Carbon Dioxide (H2C02) ERR
Hydroxide (OH) ERR
Chloride (Cl) 152
Fluoride (F) 0.63
Nitrate + Nitrite (NOX) 25.75
Sulfate (S04) 456
Dissolved Silica (H4Si04) 80.8

(H3Si04) ERR
(H2Si04) ERR
(HSi04) ERR
(Si04) ERR

7.3
2080
371
NA

1440
1.17
928

3.62E-02

mg/1
1.03E-05

108
160
82
19

0.007
0.011

: 0.02
: 0.05
: 0.02

1.15
0.006

: 0.02
0.04
0.04
0.9

meq/1
1.02E-05
5.39E+00
1.32E+01
3.57E+00
4.86E-01

1.96E-04
7.69E-04
2.24E-03
1.93E-04
4.19E-02

1 .85E-04

1.22E-03
4.99E-02

moles/1

2.69E-03
6.58E-03
3.57E-03
4.86E-04
9.34E-08
9.79E-08
3.85E-07
8.95E-07
9.65E-08
2.09E-05
7.60E-08
1.85E-07
7.85E-07
6.12E-07
4.99E-05

Total 1167

2.27E+01

meq/1
7.41E+00

ERR

ERR
4.29E+00
3.32E-02
4.77E-01
9.49E+00

ERR
ERR
ERR
ERR

2.17E+01

moles/1
7.41E-03

ERR
ERR
ERR

.29E-03

.32E-05

.77E-04

.75E-03
8.41E-04

ERR
ERR
ERR
ERR

4.
3.
4.
4.

Dissolved Solid Ratio
Cation-Anion Balance

1.07
2.24%
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pU (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Aniqns
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2S104)
(HSi04)
(Si04)

Total

TW27
75958
11-12-84

13
7.46
120
1280

7.1
1280
429
NA
170
1.73
725

3.17E-02

mg/1
3.50E-05

170
73
107
34

0.011
0.039

: 0.02
0.12
0.02
0.36
0.048

: 0.02
0.06
0.1
1.2

meq/1
3.47E-05
8.48E+00
6.00E-K)0
4.65E+00
8.70E-01

6.94E-04
7.69E-04
5.37E-03
1.93E-04
1.31E-02

1.85E-04

3.06E-03
6.65E-02

moles/1

4.24E-03
3.00E-03
4.65E-03
8.70E-04
1.47E-07
3.47E-07
3.85E-07
2.15E-06
9.65E-08
6.55E-06
6.08E-07
1.85E-07
1.18E-06
1.53E-06
6.65E-05

386

|
Dissolved Solid Ratio
Cation-Anion Balance

1141

8.99
0.58%

2.01E+01

mg/1
523
ERR
ERR
ERR
71

4.11
50
414
79.4
ERR
ERR
ERR
ERR

meq/1
8.57E+00

ERR

ERR
2.00E+00
2.16E-01
9.26E-01
8.62E+00

ERR
ERR
ERR
ERR

moles/1
8.57E-03

ERR
ERR
ERR

2.00E-03
2.16E-04
9.26E-04
4.31E-03
8.26E-04

ERR
ERR
ERR
ERR

2.03E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(Si04)

Total

TW28
75959
11-12-84

11
6.29
180
1010

6.5
1520
842
NA
920
0.55
812

2.62E-02

mg/1
5.17E-04

177
90
36
8

0.006
: 0.005
: 0.02
: 0.05
: 0.02
: 0.02
: o.oos
: 0.02
; 0.02
: 0.02
: 0.6

meq/1
5.13E-04
8.83E+00
7 .40E+00
1.57E+00
2.05E-01

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

moles/1

4.42E-03
3.70E-03
1.57E-03
2.05E-04
8.01E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
3.93E-07
3.06E-07
3.33E-05

312

Dissolved Solid Ratio
Cation-Anion Balance

1162

1.60
0.23%

1.80E401

mg/1
1026
ERR
ERR
ERR
22

0.19
15.15

11
87.6
ERR
ERR
ERR
ERR

meq/1
1.68E+01

ERR

ERR
6.21E-01
1 .OOE-02
2.81E-01
2.29E-01

ERR
ERR
ERR
ERR

moles/1
1.68E-02

ERR
ERR
ERR

6.21E-04
l.OOE-05
2.81E-04
1.15E-04
9.11E-04

ERR
ERR
ERR
ERR

1.80E+01



WATER-LEVEL DATA FOR TEST WELL: TW-19

MEASURING POINT (MP)
1 MP ELEVATION = 5394.05 (FT MSL) : TOP OF 4 IN, PVC CASING

r
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MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

i

DATE

10- 1-34
10- 1-84 X

10- 2-84
10- 3-34
10- 3-84
10- 9-34
10-12-84
10-15-84
10-18-84
10-22-84
10-25-84
10-27-34
10-29-34
11- 1-84
11- 3-34
11- 6-84
1 1-13-34
11-15-34
11-19-34
1 1-21-34
11-25-84
11-23-34
11-30-34
12- 3-84
12- 8-84
12-10-34
12-11-84
12-11-84
12-11-34
12-11-34
12-11-84
12-11-84
12-12-34
12-14-34
12-15-34
12-15-34
12-15-84
12-15-34
12-15-84
12-15-34
12-15-34
12-15-34
12-15-34
12-15-34

TIME

1700
1930
710
715
930
1000
1200
850
1050
920
1105
1430
1510
1025
1305
1535
1600
1630
805
1125
1700
903
1004
1421
1620
1320
322

1 135
1243
1425
1500
1515
315
1445
1250
1 335
1345
1400
1415
1430
1445
1500
1530
1500

FRAC .
DAYS
(DAYS)

274.708
274,813
275.299
276,302
281,396
282.417
285.500
289.368
291.451
295.389
298.462
300,604
302.674
305.434
307,545
310.649
317,667
320,688
323.337
325.476
330.708
332.381
334.419
337,598
342,681
344,556
345.349
345,433
345,530
345.601
345,625
345.635
346,344
343,615
349,535
349,566
349,573
349, 583
349,534
349.504
349.615
349. 625
349.646
349, 557

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
i
1
1
1
.1
1
1
1
1j.
1
1
i
1
1
l

MD

3
3
3
3
3
3
5
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
5
5
5
5
5
ĉ
•̂ /

5
<=
•_/

-_/

MEAS,
DEPTH
(FT. BMP)

23.95
23.98
23,95
24. 13
24,21
24,13
24.02
24,02
24,04
23.97
23.93
23.68
23.60
23.69
23.75
23.82
24, 03
24,03
24.08
24. 10
24.03
24.17
24,21
24.28
24.36
24.42
24.38
24,54
24 , 47
24,60
24,82
24,80
24.43
24,41
24,41
24.41
24,42
24,42
24. 44
24. 46
24,47
24.43
24.50
24 . 52

CORR,
DEPTH
(FT. BMP)

23.95
23.98
23,95
24. 13
24,21
24. 13
24.02
24.02
24.04
23.97
23.93
23.68
23,50
23.69
23.75
23.82
24.03
24.03
24,08
24. 10
24,03
24 . 1 7
24,21
24,28
24,36
24.42
24,38-
24.54
24,47
24.60
24 . 82
24.30
24,43
24,41
24.41
24.41
24,42
24,42
24. 44
24, 46
24.47
24,43
24, 50
24.52

ELEV.
(FT.MSL)

5370. 10
5870.07
5870. 10
5869.92
5869.84
5869.92
5870.03
5870.03
5870.01
5870.08
5870 . 1 2
5870,37
5870.45
5870,35
5370,30
5870.23
5870,02
5870, 02
5869,97
5869,95
5870.02
5869. S3
5869.84
5869 , 77
5869.69
5869.63
5869.67
5869,51
5869 . 58
5869,45
5869,23
5369 , 25
5869.62
5869,54
5869.54
5869.64 .
5369,63
5369,63
5369,61
5369 , 59
5869,53
5869.57
5DC O ĉ =:i_l D -/ i •-/ •-•

5S69. 53



T W - 1 9 ( C O I M T . )

12-15-S4
12-l'5-84
12-15-34
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-34
12-15-84
12-15-84
12-15-34
12-15-34
12-15-84
12-15-84
12-16-84
12-15-84
12-15-34
12-16-84
12-16-34
12-16-84
12-16-84
12-16-34
12-16-84
12-16-34
12-16-84
12-15-34
12-16-84
12-16-84
12-16-84
12-16-34
12-16-34
12-16-34
12-16-84
12-16-84
12-16-84
12-16-34
12-16-34
12-16-34
12-16-34
12 -'16 -84
12-16-34
12-17-34
12-17-34
12-17-34
12-17-34
12-17-34
12-17-34
12-17-34
12-17-34
12-18-34

1 -23-35
1 -31 -35
2- 2-S5
2- 4-85
2- 6-85
2-1 1 -85

1630
1700
1730
1300
1300
1900
2000
2100
2200
2300
2400
100
200
300
400
500
600
700
300
900
1000
1050
1220
1230
1245
1300
1315
1330
1345
1400
1430
1500
1530
1600
1700
1300
1900
2000
2100
2200
2300
2400
100
200
300
400
500
700
900
1035
1030
1530
1 135
820
1235
1040
1055

349,633
349,703
349,729
349,750
349.750
349,792
349.833
349.375
349,917
349.953
350.000
350,042
350,033
350, 125
350, 167
350.203
350.250
350,292
350,333
350,375
350,417
350,451
350.514
350,521
350,531
350,542
350,552
350,563
350,573
350,533
350,604
350.625
350.646
350.667
350,703
350,750
350,792
350,333
350,375
350,917
350,958
351,000
351 . 042
351 , 083
351, 125
351 . 167
351,203
351,292
351 ,375
351 ,441
352,433
209,646
212,433
1S3, 347
1S5.524
187. 444
192,455

1
1
1
1
1
1
1
1 •
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
i
i
i
i
i
i
i
i

5
5
5
5
3
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
3
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
3
3
3
3
3
3
>:

3

24,53
24.54
24,56
24,57
24,59
24,60
24,62
24,64
24,66
24,67
24i69
24,70
24 . 7 1
24,72
24.73
24.74
24.75
24.76
24,76
24 . 77
24 . 78
24.81
24.82
24,80
24 , 79
24 . 73
24 . 77
24,76
24,75
24 , 74
24 , 73
24,72
24.71
24,70
24.63
24,67
24.66
24.65
24.63
24.63
24.62
24.62
24,61
24,61
24,60
24,60
24 , 59
24,58
24 . 57
24,54
24,52
24,90
24,90
24,90
24.85
24. 77
24 , 87

24 , 53
24,54
24,56
24 , 57
24,59
24.60
24,62
24,64
24,66
24,67
24,69
24,70
24,71
24 . 72
24.73
24.74
24.75
24 . 76
24.76
24 . 77
24.73
24.31
24.32
24,80
24.79
24 , 73
24,77
24,76
24,75
24,74
24 , 73
24 , 72
24,71
24,70
24,68
24,67
24.66
24,65
24,63
24,63
24,62
24,62
24.61
24,61
24.60
24,60
24,59
24,53
24.57
24,54
24.52
24,90
24,90
24. 90
24 . 35
24.77
4'4 . 37

5369,52
5869,51
5369.49
5369., 48
5869.46
5369.45
5869.43
5869.41
5369.39
5869 , 38
5869.36
5869.35
5869,34
5869.33
5369.32
5869.31
5369.30
5869.29
5869.29
5869.28
5869.27
5869.24
5869.23
5869,25
5369,25
5369,27
5869,28
5369,29
5859,30
5869,31
5869,32
5869,33
5369,34
5369,35
5869,37
5369,33
5369,39
5869,40
5369,42
5869.42
5369,43
5369,43
5369, 44
5369,44
5369,45
5369,45
5869,45
5869.47
585 9. 4 S
5869,51
5369.53
5369. 15
5369. 15
5S6S, 15
5869.20
5SS9, 23
5869. IS



TW-19 (CONT,)

U
C

r
L

I s

2-13-S5 1055
2-15-S5 1045

194,455
196,443

3
3

24.97
25, 00

24. 97
25,00

5369,08
5369,05

f!



WATER-LEVEL DATA FOR TEST WELL: TW-21

I .

f!

f

MEASURING POINT (MP)
1 MP ELEVATION = 5894,41 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

TOP OF 4 IN. PVC CASING

I

DATE

10- 9-S4
10-11-84
10-15-84
10-18-84
10-18-84
10-20-84
10-22-84
10-24-84
10-25-84
10-26-84
10-28-84
10-30-84
10-31-84
11- 1-84
11- 3-84
11- 5-84
11- 6-84
11-13-84
11-16-34
11-13-84
11-20-84
1 1-21-34
11-26-84
1 1-28-84
11-30-84
12- 3-84
12- 8-84
12-10-84
12-11-84
12-11-84
12-11-84
12-11-84
12-11-84
12-12-84
12-15-34
12-15-84
12-15-84
12-16-84
12-16-34
12-16-84
12-16-84
12-16-34
12--16-84
12-16-84

TIME

1000
930
1010
1100
1530
1200
1200
1200
1105
1400
1200
1200
1200
1020
1200
800
1533
1425
1423
1200
1200
1 125
1700
905
1004
1421
1620
1320
322
1243
1425
1500
1515
815
1250
1650
1925
45
255
500
705
335
1040
1210

FRAC .
DAYS
<DAYS)

282.417
284.396
283 . 424
291.458
29 1 . 646
293.500
295.500
297.500
293.462
299.583
301 .500
303.500
304,500
305,431
307,500
309,333
310,643
317.601
320,599
322,500
324,500
325,476
330,708
332.378
334,419
337,598
342,681
344.556
345,349
345,530
345,601
345,625
345,635
346.344
349.535
349,701
349,809
350, 031
350. 122
350,208
350.295
350. 358
350. 444
350.507

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
3
5
5
5
3
5
5
5
5
3
5
3
3
3
3
5
5
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

ME AS.
DEPTH
(FT. BMP)

19.88
19.83
1 9 . 57
19.68
19.75
19.63
19.72
19.69
19.63
19.54
19.58
19.60
19.64
19.70
19,66
1 9 , 75
19.70
19.82
19.82
19.81
19,83
19.91
19.91
19.96
20.00
20.09
20. IS
20. IS
20. 16
20,24
20,21
20, 19
20.21
20. 16
20.27
20.26
20.27
20.27
20.27
20.29
20.31
20.29
20.27
20.29

CORR.
DEPTH
( FT . BMP )

19,88
19.88
19.57
19.68
19.75
19.68
19.72
19.69
19.68
19.54
1 9 . 58
19.60
19.64
19.70
19.66
19.75
19.70
19.82
19.32
19.81
19,83
19.91
19,91
19.96
20.00
20.09
20. IS
20. 18
20. 16
20.24
20.21
20. 19
20,21
20. 16
20,27
20.26
20,27
20.27
20,27
20,29
20.31
20 . 29
20.27
20 . 29

ELEV.
(FT. MSL)

5874.53
5874.53
5874.84
5874,73
5874.66
5874.73
5874.69
5874,72
5874.73
5874 . 87
5874,83
5874.81
5874.77
5874.71
5874.75
5874.66
5874,71
5874.59
5874.59
5874.60
5874.58
5374,50
5374.50
5874.45
5874.41
5874.32
5874,23
5874,23
5374.25
5874, 17
5874.20
5374.22
5374.20
5874 . 25
5874. 14
5874 . 1 5
5874. 14
5874, 14
5874. 14
5S74. 12
5S74. 10
5S74 . 1 2
5374, 14
5374 . 1 2



TW-21 ( C O N T , ) O

12-17-84 900 351.375 1 3 20.44 20.44 5373.97
1-23-85 1525 209.642 1 3 20.90 20.90 5873.51
1-31-85 1135 212.483 1 3 21.26 21.26 5873.15
2- 2-85 820 183.347 1 3 21.26 21.26 5873.15 Q
2- 4-85 1235 185.524 1 3 21.26 21.26 5873.15 !;
2- 6-85 1040 187,444 1 3 21.19 21.19 5873,22
2-11-85 1055 192,455 1 3 20.62 20,62 5373,79
2-13-85 1055 194,455 1 3 20.75 20.75 5873.66
2-15-85 1045 196.448 1 3 20,73 20.73 5873.68

O

O

O

O

O

c

O

O

O



WATER-LEVEL DATA FOR TEST WELL: TW-20

MEASURING POINT (MP)
1 MP ELEVATION = 5894.26 <FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

: TOP OF 4 IN. PVC CASING

i "u

I

I

DATE

10- 2-84
10- 3-84
10- S-S4
10- 9-84
10-12-84
10-16-84
10-18-84
10-18-84
10-19-84
10-20-84
10-22-84
10-23-84
10-25-84
10-27-84
10-29-84
10-30-84
10-31-84
11- 1-84
1 1- 3-84
11- 4-84
11- 6-84
1 1-13-34
1 1-16-84
1 1-19-34
11-21-34
1 1-23-34
11-25-84
1 1-27-34
11-23-34
1 1-30-84
12- 2-34
12- 4-34
12- 5-34
12- 3-34
12-10-34
12-11-34
12-12-34
12-14-34
12-16-34
12-16-34
12-17-34
12-13-34
1 -28-85
1-29-35

TIME

1300
715
930
1000
1200
910
900
1045
1200
1200
1200
1400
1200
1200
1200
855
1200
1200
1200
1200
1535
1600
1630
305
1110
300
1200
1200
903
1000
1200
1300
1000
1620
1315
900
315
1445
1226
1545
900
1030
1525
S10

FRAC.
DAYS
( DAYS )

275.542
276.302
281.396
282.417
285.500
289 . 382
291.375
291.448
292.500
293.500
295.500
296.583
298.500
300.500
302.500
303.372
304.500
305.500
307.500
303.500
310.649
317.667
320.638
323,337
325.465
327 . 333
329.500
331 .500
332 . 377
334.417
336.500
338.750
339.417
342.681
344.552
345,375
346,344
348,615
350.513
350,656
35 1 . 375
352.433
209,642
210.340

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i

1
1
A •

MD

3
3
3
3
5
3
3
3
5
5

- 5
3
5
5
5
3
5
5
5
5
3
3
3
3
3
5
5
5
3
•5
5
5
5
3
3
5
3
3
3
3
3
3
3
3

MEAS,
DEPTH
( FT . BMP )

24.23
24.26
24.39
.24 . 33
24.22
24.23
24.23
24.28
24.24
24.22
24.21
24.20
24. 16
23.92
23,85
23,32
23,34
23,39
23,93
23,97
24,03
24,26
24.26
24,33
24,33
24,33
24,39
24,44
24,39
24,44
24,50
24,54
24,56
24 , 57
24,61
25,61
24,67
24.65
25. 06
24.93
24, 34
24. 74
25. 15
25, 19

CORR.
DEPTH
(FT. BMP)

24 . 23
24.26
24.39
24.33
24,22
24.23
24.23
24.28
24.24
24.22
24.21
24.20
24, 16
23.92
23.85
23.82
23,34
23,39
23,93
23,97
24.03
24.26
24,26
24.33
24.33
24.38
24,39
24,44
24,39
24.44
24,50
24,54
24,56
24 , 57
24,61
25,61
24.67
24.65
25. 06
24.93
24,34
24.74
25, 15
25. 19

ELEV.
(FT. MSL)

5870.03
5870.00
5869.37
5869.93
5870.04
5870.03
5870.03
5869.93
5870.02
5870.04
5870.05
5870.06
5370, 10
5370,34
5370.41
5870,44
5870,43
5870.38
5370.34
•5870,29
5370,23
5370,00
5870.00
5869.93
5369.93
5869,88
5369,87
5869,82
5369,37
5369,32
536 9. '76
5869,72
5369,70
5369.69
5869,65
5863.65
5369.59
5369.61
5369.20
5369 . 23
5369.4-2
5869.52
5363/1 1
5S69. 07



TW-20 (CONT,) O

1-30-85 1200 211.500 1 5 25,13 25.13 5869.08
2- 1-35 1200 132,500 1 5 25,14 25.14 5869.12
2- 4-85 1230 185,521 1 3 25,10 25.10 5369.16
2- 6-85 1200 137.500 1 5 25,08 25.03 5369,18 Jk
2- 8-85 1200 189.500 1 5 25,10 25,10 5869,16 V
2-11-85 1055 192.455 1 3 25.11 25.11 5869.15
2-13-85 1200 194.500 1 5 25.15 25.15 5869,11
2-15-35 1200 196.500 1 5 25.20 25,20 5369,06
2-18-35 1100 199,453 1 5 25.23 25.23 5869.03

O

O

O

c

0

0

O

O

O



r WATER-LEVEL DATA FOR TEST WELL: TW-13

MEASURING POINT (MP)
1 MP ELEVATION = 5989,03 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECRIC PROBE #3

TOP OF 4 IN. PVC CASING

I!
r'

f
1

DATE

9-20-84
9-21-84
9-22-84
9-24-84
9-25-84
9-25-84
10- 3-84
10- 9-84
10-11-84
10-15-84
10-18-84
10-22-84
10-25-84
10-27-84
10-29-34
11- 1-84
11- 3-84
11- B-S4
11- 7-34
11-16-84
11-19-34
11-21-34
11-26-34
11-23-34
11-30-34
12- 3-34
12- 5-34
12- 3-84
12-10-84
12-12-34
1-29-85
1-31-35
2- 2-S5
2- 4-35
2- 6-85
2-11-35
2-13-35
2-15-35

TIME

830
757
900
1710
1100
1415
915
930
830
1115
1425
1005
1055
1345
320
900
1340
1415
1410
309
353
725
1549
1027
330
1255
1537
1330
913

1 1 10
1500
910
925

1 120
930
935

1 155
340

FRAC,
DAYS
(DAYS)

263.354
264.331
265.375
267.715
268.458
268.594
276 . 385
282.396
284.354
288.469
291.601
295.420
298.455
300.573
302.347
305.375
307.569
310.594
311 ,590
320.340
323.370
325.309
330.659
332.435
334,354
337,533
339,651
342,563
344,383
346.465
210.625
212.332
183.392
135.472
187.396
192,399
194,497
196.361

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

MEAS.
DEPTH
(FT. BMP)

13.50
13.48
13.50
13.45
13.51
13.51
13.47
13.53
13.52
13.50
13.48
13.43
13.55
13.52
13.55
13.53
13,53
13.57
13.53
13,58
13,65
13,65
13.73
13.71
13.76
13,81
13.84
13.88
13.39
13.36
14,53
14,60
14.67
14.73
14.70
14,33
14.93
14,94

CORR,
DEPTH
(FT. BMP)

13.50
13.48
13.50
13.45
13.51
13.51
13.47
13.53
13.52
13,50
13.48
13.43
13.55
13,52
13.55
13,53
13.53
13,57
13.53
13.53
13.65
13,65
13.73
13,71
13.76
13,81
13.34
13,88
13.39
13,86
14.53
14,60
14.67
14,73
14.70
14.33
14,93
14,94

ELEV,
(FT. MSL)

5975,53
5975,55
5975.53
5975.53
5975.52
5975.52
5975.56
5975.50
5975.51
5975.53
5975.55
5975.60
5975.48
5975.51
5975.48
5975.50
5975,50
5975.46
5975.50
5975.45
5975.38
5975.33
5975,30
5975.32
5975.27
5975.22
5975, 19
5975. 15
5975. 14
5975. 17
5974.50
5974.43
5974.36
5974,30
5974.33
5974.20
5974. 10
5974.09

I
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WATER-LEVEL DATA FOR TEST WELL: TW-14

MEASURING POINT (MP)
1 MP ELEVATION = 5989,15 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECT1C PROBE #3

TOP OF 4 IN. PVC CASING

DATE

9-20-84
9-20-84
9-21-84
9-22-84
9-24-84
9-25-84
10- 3-84
10- 8-84
10-11-84
10-15-84
10-18-84
10-22-84
10-25-34
10-27-84
10-29-84
11- 1-84
11- 3-84
11- 6-84
11- 7-84
1 1-16-34
11-19-84
1 1-21-84
11-26-34
11-23-84
11-30-34
12- 3-34
12- 5-84
12- 3-34
12-10-84
12-12-34
1-29-35
1-31-85
2- 2-35
2- 4-85
2- 6-35
2-11-35
2-13-85
2-15-35

'•-
TIME

925
1005
758
900
1710
1100
905
930
830
1115
1425
1000
1055
1345
820
900
1340
1415
1410
810
853
725
1549
1027
330
1255
1537
1330
918
1110
1500
910
925

1 120
930
935

1 155
340

FRAC.
DAYS
(DAYS)

263.392
263,420
264,332
265.375
267.715
268.458
276 . 378
281.396
284.354
288.469
291,601
295,417
298.455
300.573
302,347
305.375
307,569
310,594
311.590
320,340
323,370
325,309
330,659
332.435
334,354
337.538
339,651
342,563
344,383
346,465
210,625
212,332
183,392
1 35 , 472
187,396
192.399
194.497
196.361

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

MEAS.
DEPTH
(FT. BMP)

11.91
11,91
11.83
11.88
11.78
11.79
11.81
11 .86
11.33
11,31
11.84
11 .86
11.88
11.83
11.39
11 ,93
11.88
11 .86
11 .83
11 .91
11.96
11 ,99
12.07
12.06
12. 1 1
12, 15
12.22
12. 17
12,29
1 2 . 27
12,93
12,96
13,02
13.09
13.06
13. 12
13,24
13,25

CORR.
DEPTH
(FT, BMP)

11.91
11,91
11,83
11,88
11,78
11,79
11.81
1 1 . 86
11.83
11,81
11.84
11,36
11.88
11.88
11.89
11,93
11,33
11,86
1 l.SS
11,91
11.96
11.99
12.07
12,06
12. 11
12, 15
12,22
12, 17
12.29
12,27
12,93
12,96
13.02
13,09
13.06
13, 12
13.24
13,25

ELEV,
(FT. MSL)

5977,25
5977,25
5977.33
5977.28
5977.38
5977,37
5977,35
5977.30
5977.28
5977,35
5977.32
5977.30
5977.28
5977.28
5977,27
5977 , 23
5977 ,.23
5977,30
5977,28
5977 , 25
5977,20
5977. 17
5977.09
5977. 10
5977, 05
5977,01
5976.94
5976,99
5976 , 87
5976,39
5976,23
5976,20
5976, 14
5976,07
5976 , 1 0
5976,04
5975,92
5975,91

•1:1



WATER-LEVEL DATA FOR TEST WELL: TW-15
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MEASURING POINT (HP)
1 MP ELEVATION = 5989.13 (FT MSL)

MEASURING DEVICE <MD)
3 COLDER ELECTRIC PROBE #3

TOP OF 4 IN. PVC CASING

I

DATE

9-21-84
9-22-84
9-24-84
9-25-84
10- 3-84
10-11-84
10-15-84
10-18-84
10-22-84
10-25-84
10-27-84
10-29-84
11- 1-84
11- 3-84
11- 6-84
11- 7-84
11-16-34
11-19-84
11-21-84
11-26-84
11-28-84
11-30-84
12- 3-84
12- 5-84
12- 3-84
12-10-84
12-12-84
1-29-85
1-31-85
2- 2-85
2- 4-85
2- 6-85
2-11-85
2-13-85
2-15-85

TIME

821
900
1710
.1100
925
830
1115
1425
1000
1055
1345
825
900
1340
1410
1500
815
855
725
1549
1027
830
1255
1537
1330
918
1110
1500
910
925
1120
930
935
1155
840

FRAC.
DAYS
( DAYS )

264.348
265.375
267.715
268.458
276.392
284.354
288.469
291.601
295.417
298,455
300.573
302.351
305.375
307.569
310.590
311.625
320.344
323.372
325.309
330.659
332,435
334,354
337,538
339,651
342,563
344 . 388
346,455
210,625
212,332
133,392
135,472
137,396
192,399
194,497
196.361

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

MEAS,
DEPTH
(FT. BMP)

14.63
14.63
14.60
14.65
14,58
14.58
14,57
14.60
14.65
14,66
14.63
14.66
14.70
14.65
14.63
14,65
14.70
14.75
14.76
14.83
14.80
14,86
14.89
14,96
14.96
14,98
14.93
15.65
15.75
1 5 . 73
16.01
15.81
15.91
16.04
16.06

CORR.
DEPTH
(FT. BMP)

14.63
14.63
14.60
14.65
14.58
14.58
14.57
14.60
14.65
14.66
14.63
14,66
14.70
14,65
14.63
14,65
14.70
14,75
14.76
14.33
14.30
14,36
14.39
14,96
14.96
14.93
14.93
15,65
15.75
15,73
16.01
15,31
15.91
16,04
16.06

ELEV.
(FT. MSL)

5974.50
5974.50
5974.53
5974.43
5974.55
5974.55
5974.56
5974,53
5974.48
5974.47
5974.50
5974.47
5974,43
5974,48
5974.50
5974.43
5974.43
5974.33
5974,37
5974.30
5974.33
5974,27
5974,24
5974. 17
5974. 17
5974. 15
5974,20
5973.43
5973,33
5973.35
5973, 12
5973,32
5973,22
5973, 09
5973.07



WATER-LEVEL DATA FOR TEST WELL: TW-16

MEASURING POINT (MP)
1 MP ELEVATION = 5999.30 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

: TOP OF 4 IN, PVC CASING

p
;;
I .:

c

DATE

9-25-84
9-25-84
9-26-84
10- 1-84
10- 3-84
10- 4-84
10- 5-84
10- 8-84
10- 9-34
10-12-84
10-15-84
10-17-84
10-19-84
10-22-84
10-25-84
10-27-84
10-29-84
11- 1-84
11- 3-84
11- 6-84
11- 3-84
11-16-84
11-19-84
11-21-84
11-26-84
11-28-34
11-30-34
12- 3-84
12- 5-84
12- 3-84
12-10-84
12-12-34
1-29-35
1-31-85
2- 2-35
2- 4-85
2- 6-85
2-11-85
2-13-85
2-15-35

TIME

1435
1742
725
1630
935
1310
820
915
905
1445
945
1200
1200
1700
1040
1400
845
930
1325
1430
845
832
914
312
1606
1105
850
1316
1606
1350
942

11 IS
1255
932
1255
1000
835
905
942
925

FRAC.
DAYS
( DAYS )

268,608
268.738
269,309
274,638
276 . 399
277,549
273,347
281.385
282.378
285.615
288,406
290.500
292.500
295.703
298,444
300,583
302.365
305.396
307,559
310,604
312,365
320,356
323,385
325,342
330,671
332,462
334.368
337,553
339,671
342,576
344,404
346,471
210,538
212.397
183.533
1 35 . 4 1 7
187,358
192.373
194,404
196,392

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
3
3
3
3
3
3
3
5
5
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

MEAS.
DEPTH
(FT, BMP)

61.88
61.88
61.88
61,96
61.99
61.96
61,99
62.07
62.02
62.07
62,09
62.05
62. 10
62. 19
62.24
62.22
62,25
62,30
62,30
62.32
62,34
62.47
62.53
62.55
62.60
62,53
62.63
62.70
62,74
62,76
62,76
62.74
63.39
63,42
63,42
63,43
63,43
63.52
63.60
63,61

CORR.
DEPTH
(FT. BMP)

61.88
61.38
61.88
61.96
61,99
61.96
61,99
62.07
62,02
62,07
62,09
62.05
62. 10
62. 19
62,24
62,22
62,25
62,30
62,30
62.32
62.34
62.47
62,53-
62.55
62,60
62.53
62,63
62,70
62,74
62,76
62,76
62.74
63,39
63,42
63,42
63,48
63,43
63,52
63,60
63.61

ELEV.
(FT. MSL)

5937.42
5937,42
5937,42
5937.34
5937.31
5937.34
5937.31
5937,23
5937,28
5937,23
5937.21
5937,25
5937,20
5937. 11
5937,06
5937,08
5937.05
5937.00
5937,00
5936 . 93
5936.96
5936.33
5936.77
5936.75
5936.70
5936,72
5936.67
5936,60
5936,56
5936.54
5936.54
5936,56
5935.91
5935.38
5935.33
5935,32
5935,37
5935.73
5935,70
5935.59



WATER-LEVEL DATA FOR TEST WELL: TW-17

MEASURING POINT (MP)
1 MP ELEVATION = 5999.22 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

TOP OF 4 IN. PVC CASING

f!

[.

i*

f

i

DATE

9-25-84
9-26-84
10- 1-84
10- 3-84
10- 4-84
10- 5-84
10- 8-84
10-11-84
10-15-84
10-17-34
10-19-84
10-22-84
10-25-84
10-27-84
10-29-84
11- 1-84
11- 3-84
11- 6-84
11- S-S4
11-16-84
11-19-84
1 1-21-84
11-26-84
1 1-28-84
11-30-84
12- 3-84
12- 5-84
12- 3-34
12-10-84
12-12-34
1-29-85
1-31-85
2- 2-35
2- 4-35
2- 6-35
2-11-35
2-13-35
2-15-35

TIME

1740
720
1630
935
1310
320
915
1200
930
1200
1200
1700
1040
1400
340
930
1325
1430
845
332
914
312
1606
1105
850
1316
1606
1350
942

11 18
1255
932
1255
1000
S35
905
942
925

FRAC .
DAYS
(DAYS)

268.736
269,306
274.688
276.399
277.549
278.347
281 ,385
284.500
288.396
290.500
292.500
295.708
298.444
300,583
302.361
305.396
307,559
310,604
312,365
320,356
323,385
325,342
330,671
332,462
334,363
337 , 553
339,671
342,576
344,404
346,471
210,533
212,397
133,533
185,417
1 37 , 353
192.373
194,404
196.392

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1

MD

3
3
3
3
3
3
3
5
3
5
5
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

MEAS,
DEPTH
(FT. BMP)

61,79
61.83
61 .88
61.91
61.89
61,92
62,00
61.99
62.00
61,97
62.06
62. 10
62. 15
62. 14
62. 17
62.23
62,24
62,24
62,27
62.33
62,45
62.47
62,52
62,52
62.56
62.61
62.66
62.66
62.70
62,68
63,29
63.32
63.32
63.42
63,37
63,45
63.53
63,56

CORR.
DEPTH
(FT, BMP)

61.79
61.83
61,88
61.91
61,89
61.92
62.00
61.99
62,00
61.97
62,06
62, 10
62, 15
62. 14
62, 17
62.23
62,24
62,24
62.27
62.38
62,45
62,47
62,52
62.52
62,56
62.61
62,66
62.66
62,70
62,63
63,29
63.32
63.32
63.42
63,37
63.45
63,53
63. 56

ELEV,
(FT. MSL)

5937.43
5937,39
5937,34
5937.31
5937.33
5937.30
5937,22
5937.23
5937.22
5937,25
5937, 16
5937, 12
5937,07
5937,08
5937,05
5936,99
5936.98
5936.98
5936.95
5936.84
5936,77
5936.75
5936.70
5936,70
5936,66
5936,61
5936,56
5936,56
5936.52
5936 . 54
5935,93
5935,90
5935,90
5935,30
5935,35
5935,77
5935,69
5935,66
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WATER-LEVEL DATA FOR TEST WELL: TW-18

MEASURING POINT (MP)
1 MP ELEVATION = 5997,77 (FT MSL)

MEASURING DEVICE <MD)
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

: TOP OF A IN. PVC CASING

n

rL
f:

1

DATE

10- 1-84
10- 3-84
10- 4-84
10- 5-84
10- 7-84
10- 9-84
10-11-84
10-12-84
10-15-84
10-13-84
10-22-84
10-25-84
10-27-84
10-29-84
11- 1-84
11- 3-84
11- 6-34
11- 3-34
11-16-84
1 1-19-84
11-21-84
1 1-26-84
1 1-28-34
11-30-84
12- 3-34
12- 5-84
12- 8-34
12-10-34
12-12-84
1-29-85
1-31-85
2- 2-35
2- 4-35
2- 6-35
2-11-35
2-13-85
2-15-35

TIME

1630
937
1625
815
1200
1200
820
1445
1200
1610
1000
1040
1400
845
930
1325
1425
345
339
914
316
1510
1105
850
1316
1606
1350
942
1113
1255
932
1255
1000
335
905
942
925

FRAC.
DAYS
(DAYS)

274.688
276.401
277.684
278.344
280.500
282.500
284.347
285.615
288.500
291.674
295.417
298.444
300.583
302.365
305.396
307.559
310.601
312.365
320.360
323.335
325.344
330.674
332.462
334.363
337.553
339.671
342,576
344,404
346.471
210.533
212,397
133.538
135.417
137.358
192,373
194,404
196,392

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 -,
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
5
5
3
3
5
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

MEAS,
DEPTH
(FT. BMP)

58.69
58.76
53,73
53.74
58.80
58.77
58.79
58.86
53,86
58.87
58.97
59.00
59.00
59.04
53.99
59.09
59. 12
59. 12
59.26
59.35
59,37
59,41
59.33
59.43
59.50
59.53
59.56
59.56
59.55
60.24
60.27
60,27
60.36
60,30
60,40
60.50
60,51

CORR,
DEPTH
(FT. BMP)

58.69
58.76
58,73
58.74
58,80
58.77
58,79
58.86
58.86
58.37
58.97
59,00
59,00
59.04
58.99
59.09
59. 12
59. 12
59.26
59,35
59,37
59.41
59,38
59,43
59.50
59.53
59.56
59,56
59,55
60,24
60,27
60,27
60.36
60,30
60.40
60,50
60,51

ELEV.
(FT. MSL)

5939.03
5939.01
5939,04
5939,03
5938,97
5939.00
5938.93
5933.91
5938.91
5938,90
5938,80
5938,77
5938,77
5938.73
5938.73
5938.68
5938.65
5938.65
5938.51
5933.42
5938.40
5938.36
5938.39
5938,34
5938.27
5933, 19
5938.21
5938.21
5938,22
5937,53
5937,50
5937,50
5937,41
5937,47
5937,37
5937.27
5937,26

I
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW29
75960
11-12-84

10
6.34
200
875

6.7
1360
705
NA
828
0.46
708

2.26E-02

mg/1
4.61E-04

155
78
28
6

: 0.005
: 0.005
: 0.02
: 0.05
: 0.02

0.03
: 0.005
: 0.02
: 0.02
: 0.02
: 0.6

268

mg/1
859
ERR
ERR
ERR
21

0.29
23.09

11
79.0
ERR
ERR
ERR
ERR

994

1.52
0.68%

meq/1
4.57E-04
7.73E-KX)
6.41E-KH)
1.22E+00
1.53E-01

8.90E-05
7.69E-04
2.24E-03
1.93E-04
1.09E-03

1.85E-04

6.12E-04
3.33E-02

1.56E+01

meq/1
1.41E+01

ERR

ERR
5.92E-01
1.53E-02
4.28E-01
2.29E-01

ERR
ERR
ERR
ERR

1.53E+01

moles/1

3.87E-03
3.21E-03
1.22E-03
1.53E-04
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
5.46E-07
6.33E-08
1.85E-07
3.93E-07
3.06E-07
3.33E-05

moles/1
1.41E-02

ERR
ERR
ERR

5.92E-04
1.53E-05
4.28E-04
1.15E-04
8.22E-04

ERR
ERR
ERR
ERR



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pU (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW30
76011
11-14-84

13
6.59
110
1530

7.1
2240
400
NA

1400
2.91
675

3.16E-02

mg/1
2.59E-04

130
85
174
11

: 0.005
: 0.005
: 0.02
: 0.05
: 0.02
: 0.02
: 0.005
: 0.02

0.07
: 0.02

1.2

meq/1
2.57E-04
6.49E+00
6.99E+00
7.57E+00
2.81E-01

8.90E-05
7.69E-04
2.24E-03
1.93E-0.4
7.28E-04

1.85E-04

6.12E-04
6.65E-02

moles/1

3.24E-03
3.50E-03
7.57E-03
2.81E-04
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
1.37E-06
3.06E-07
6.65E-05

401 2.14E+01

mg/1
488
ERR
ERR
ERR
141

2.38
5.8
389

112.9
ERR
ERR
ERR
ERR

meq/1
7.99E+00

ERR

ERR
3.98E+00
1.25E-01
1.07E-01
8.10E+00

ERR
ERR
ERR
ERR

moles/1
7.99E-03

ERR
ERR
ERR

3.98E-03
1.25E-04
1.07E-04
4.05E-03
1.17E-03

ERR
ERR
ERR
ERR

1139

1.10
2.63%

2.03E+01
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Water Quality Analysis
Monsanto, Inc.
Soda Sprinqs Plant

Identificati on:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mq of CaCO3/l)
Total Acidity (mg of CaCO3/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaCO3/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mq)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Aq>
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

TW31
7642O
12-14-84

8
8.02
-18
3OO

7.3
44O
131
NA
274
0.6
169

6.45E-O3

mg/1
9.63E-O6

38
18
18
9

O. O07
O. OO5
O.O2
O. 56
0.02
0 . 04

O. O05
O.O2
0. 12
O . O2

meq / 1
9.55E-O6
1 . 90E+00
1 . 48E+OO
7.83E-O1
2.3OE-01

8. 9OE-O5
7.69E-O4
2.51E-02
1 . 93E-04
1 . 46E-O3

1 . S5E-O4

.6. 12E-04
O. OOE+OO

mol es/1

9. 48E-O4
7.4OE-O4
7 . 83E-O4
2. 3OE-O4
9.34E-O8
4.45E-OS
3.85E-07
1 . OOE-O5
9.65E-08
7 . 28E-O7
6.33E-08
1 . S5E-O7
2.36E-O6
3. O6E-O7
O. OOE+OO

Total 84 4.42E+OO

An ions .
Bicarbonate (HCO3)
Carbonate (CO3)
Dissolved Carbon Dioxide (H2CO2)
Hydroxide (OH)
Chloride (CD
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (504)
Dissolved Silica (H4SiD4)

(H3SiO4j
(H2SiO4)
(HSiO4)
(Si O4>

16O
ERR
ERR
ERR
18

O.42
13.26

4O

meq /I
2.62E+OO

ERR

ERR
5.OSE-O1
2.21E-O2
2.46E-O1
8.33E-01

moles/1
2.62E-03

ERR
ERR
ERR

5.O8E-O4
2.21E-05
2.46E-O4
4.16E-04

Total 23 1 4.23E+OO

Di550!ved Soli d Ratio
Cat i ori — Am on Balance

1.1



Water Duality Analysis
Monsanto, Inc.
Soda Springs Plant

Identi-ficati on :
Laboratory Number:
Date Sampled:

Field Measurements
Temperature < C)
pH (standard units)
Eh (millivolts)
Conductivity (mi cromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (mi cromhos/cm)
Total Alkalinity <mq o-f CaCO3/l )
Total Acidity (mq of CaCO3/l)
Total Dissolved Solids (mg/1 )
Sodium Adsorption Ratio
Total Hardness (mg o-f CaCO3/l )
Ionic Strength

Cati ons
Hydrogen (H)
Calcium (Ca)
Magnesium (Mq)
Sodium (Na>
Potassium (K)
Arsen i c (As)
Cadmium (Cd)
Chromium < Cr )
Iron (Fe>
Lead (Pb)
Manganese (Mn>
Selenium (Se)
Silver (Aq)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Ani ons
Bi carbonate (HCO3)
Carbonate (CO3)
Dissolved Carbon Dioxide (H2CO2)
Hydroxide (OH)
Chloride (Cl >
Fluoride (F)
Nitrate + Nitrite (NOX>
Sulfate (SO4)
Dissolved Silica (H4SiO4)

(H3Si04)
(H2SiQ4)
(HSi. Q4>
(Si D4)

TW32
76421
12-14-S4

9.5
11. 17
-85
1OOO

11
1320
352
NA
44O

O.51
359

1 . 26E-02

mg/1
6.81E-09

142
< 1

22
27

< O . DO 5
•; O . OO5
•= O.O2

•• O . O5
O . O2
O.O2
O . OO5
O.O2
O. 03

< 0.02

192

mq / 1
429
ERR
ERR
ERR
18

O. 26
6.9
36

meg /I
6.76E-09
7.O9E+OO
9.22E-O2
9.57E-O1
6.91E-01

8.9OE-05
7.69E-04
2.24E-O3
1.93E-04
7.28E-O4

1 . S5E-O4

.6. 12E-04
O. OOE+OO

8. 82E+OO

meg / 1
7. O3E+OO

ERR

ERR
5.0SE-01
1 . 37E-02
1 -2SE-O1
7.5OE-O1

mol es/1

3.54E-03
4. HE-OS
9.57E-04
6.91E-O4
6.67E-OB
4.45E-OS
3.85E-O7
S.95E-07
9.65E-OS
3.64E-07
6.33E-08
1 . S5E-07
5.89E-07
3. 06E-O7
O. OOE+OO

mol es/ 1
7. O3E-O3

ERR
ERR
ERR

5.03E-O4
1.37E-05
1 . 28E-O4
3.75E-04

Total 490 8.43L+OO

Di ssolved Soli d Rat i o
Cation—Anion Balance

1 . 55
2.26V.
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Monsanto, Inc.
Soda Springs Plant

I dent i -f i cat i on:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature', C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mq o-f CaCO3/l)
Total Acidity (mq o-f CaCO3/l )
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mq o-f Ca.CO3/l )
Ionic Strength

Cati ons
Hydrogen (H)
Calcium (Ca)
Magnesium (Mq)
Sodium (Na)
Potassium (K)
Arseni.c (As)
Cadmium (Cd)
Chromi urn (Cr)
Iron (F'e)
Lead (Pb>
Manganese (Mn)
Selenium (Se)
Silver (Aq>
Van ad i um • (V).
Zinc (Zn>
Ammonium (NH4)

TW33
76422
12-14-84

9.5
8. 16
29
5OO

7.4
64O
253
NA
431
O.37
312

1 . O6E-02

mq/1
6.97E-06

69
34
15
4

O . OO5
O. OO5
O.O2.
0. 11
O . O2
O. O2
O.OO5
O . O2
0.27
O . O2

meq/1
6.92E-06
3.44E+00
2.8OE+00
6.52E-01
1.O2E-O1

8.90E-05
7.69E-04
4.92E-03
1 . 93E-04
7.28E-04

1 . 85E-04

6. 12E-04
O.OOE+OO

mol es/'l

1.72E-O3
1 . 40E-O3
6.52E-04
1 . O2E-04
6.67E-OS
4.45E-O8
3.85E-O7
1 . 97E-06
9.65E-OB
3.64E-O7
6.33E-O8
1.S5E-O7
5.30E-06
3. 06E-O7
O.OOE+OO

Total 122 7.DOE+OO

Ani ons
Bicarbonate(HCO3)
Carbonate (CO3)
Dissolved Carbon Dioxide (H2CO2)
Hydroxide (OH)
Chloride (Cl )
Fluori de (F)
Nitrate + Nitrite (NOX)
Sulfate (SO4)
Dissolved Silica (H4SiO4)

<H3SiO4)
(H2SiD4)
(HSJ.D4)
(3iG4)

mq /1
3O8
ERR
ERR
ERR
2O

0.39
5. 78

meg /1
5.O5E+OO

ERR

ERR
5.64E-O1
2.05E-02
1.O7E-01
1.1OE+OO

moles/1
5.O5E-O3

ERR
ERR
ERR

5.64E-04
2.O5E-O5
1.07E-O4
5.52E-O4

Total 6.85E+OO

Di ssci.1 ved So J. i d Rat i o
Cation—Anion Balance

1 . IS
1 . 1 OX



water Duality Hria
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature< C>
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mq o-f CaCO3/l )
Total Acidity (mg o-f CaCO3/l )
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg o-f CaCO3/l )
Ionic Strength

Cati ons
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na>
Potassium (K>
Arsenic (As)
Cadmium (Cd>
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadi urn (V)
Zinc (Zn>
Ammonium (MH4)

Total.

Ani ons
Bi carbonate(HCO3)
Carbonate (C03)
Dissolved Carbon Dioxide (H2CO2)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite <NQX>
Sul-fate (SO4)
Dissolved Silica (H4SiO4)

(H3SiC34)
(H2S1O4)

(HS104)
( S i G 4 )

TW34
76423
12

1.

3 .

-14-85

7
6.48
22
575

7.6
110O
422
NA
8O6
0. 18
590

91E-02

mg/1
34E-04

83
90
10
8

O . OO5
O. OO5
O . O2
0 . 2 1
O. 02
O. 1

O. OO5
O. O2
0.02
O. 02

196

mg/ 1
514
ERR
ERF:
ERR
44

O.46
O.62
1 OO

meq/1
3.31E-O4
4.
7.
4.
2.

a.
7.
9.
1.
3 .

1.

6.
O.

1 .

39E+00
4OE+OO
35E-01
O5E-O1

9OE-O5
69E-04
4OE-03
93E-04
64E-O3

S5E-04

12E-O4
OOE+OO

24E+O1

meq/1
S.43E+OO

1.
2.
1.
2.

ERR

ERR
24E+OO
42E-O2
15E-02
O8E+00

ffiOl

2.
3.
4.
2.
6.
4.
3 .
*T

9.
1.
6.
1.
*T

"T

0.

mol
8.

1.
2.
1 .
1 .

es/1

20E-03
70E-03
35E-04
O5E-O4
6/E-O8
45E-O8
85E-07
76E-O6
65E-08
82E-O6
33E-Oa
85E-O7
93E-O7
O6E-07
OOE+OO

es/1
43E-O3

ERR
ERR
ERR

24E-03
42E-05
15E-05
04E-03

Total 659 1 . 18E-MJ1

Dissolved riol id Rat io
Cation—Anion Balance

1 . 06
2.72:
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (COS)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HS104)

Hooper
75931
11-09-84

11
5.91
58
990

6.3
1420
753
NA
860
0.53
726

2.41E-02

mg/1
1.24E-03

111
109
33
14

0.005
0.005
0.02
4.54
0.02
0.21
0.005
0.02
0.02
0.02
0.6

meq/1
1.23E-03
5.54E+00
8.96E+00
1.44E+00
3.58E-01

8.90E-05
7.69E-04
2.03E-01
1.93E-04
7.64E-03

1.85E-04

6.12E-04
3.33E-02

moles/1

2.77E-03
4.48E-03
1.44E-03
3.58E-04
6.67E-08
4.45E-08
3.85E-07
8.13E-05
9.65E-08
3.82E-06
6.33E-08
1.85E-07
3.93E-07
3.06E-07
3.33E-05

(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

272

mg/1
918
ERR
ERR
ERR
9

0.4
0.19
35

114.0
ERR
ERR
ERR
ERR

1076

1.57
1.51%

1.65E+01

meq/1
1.50E+01

ERR

ERR
2.54E-01
2.11E-02
3.52E-03
7.29E-01

ERR
ERR
ERR
ERR

1.60E+01

moles/1
1.50E-02

ERR
ERR
ERR

2.54E-04
2.11E-05
3.52E-06
3.64E-04
19E-03

ERR
ERR
ERR
ERR

1



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identi -f i cat i on:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature ( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mq o-f C
Total Acidity (mg o-f CaCO
Total Dissolved Solids (m
Sodium Adsorption Ratio
Total Hardness (mq o-f CaC
Ionic Strength

Cati ons
Hydrogen (H)
Calcium (Ca)
Magnesium (Mq)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium . (Se)
Si 1 ver (Aq )
Vanadium (V)
Zinc <Zn)
Ammonium (NH4)

Total

Ani ons .
Bi carbonate (HCO3)
Carbonate (CO3)
Dissolved Carbon Dioxide
Hydroxide (OH)
Chloride (Cl >
Fl LI or i df? (F )
Nitrate + Nitrite (NOX)
Sul-fate (SO4)
Dissolved Silica (H43iO4)

<H3SiO4)
(H2SiO4)

Total

(SiO4)

Dissolved Solid Ratio
Cat i on— An i on Balance?

Southwest
75933
1 1 -09-84

14
6.67
94

m) 1180

6.8
m ) 1 66O
aCO3/l) 792
3/1) NA
g / 1 ) 1 O4O

O.8O
D3/1) 893

3.O8E-O2

mg/1
2. 16E-04

130
133
55
16

< O.OO5
O.OO7

< O . O2
< 0 . 05
< O . O2
< O . O2

0.007
< O.O2
< 0.02

O.O7
0.9

34 O

mq/1
965
ERR

(H2CO2) ERR
ERR
42

1 . 26
26.64

134
97.9
ERR
ERR
ERR
ERR

1 267

1 . 55
0.327.

meq/1
2_
6.
1.
*->

4.

1.
7.
2_
1.
7.

1.

. o

4.

2.

14E-O4
49E+OO
13E+O1
39E+00
09E-01

25E-O4
69E-O4
24E-03
93E-O4
28E-O4

85E-O4

14E-03
99E-02

O7E+O1

meq / 1
1 .

1.
6.
4.
2.

jd .

58E+01
ERR

ERR
18E+OO
63E-O2
93E-01
79E+OO

ERR
ERR
ERR
ERR

O4E-t-01

mol

3.

5.
£. *
4.
6.
6.
3.
8.
9.
3 .
8.
1.
3 .
1 .
4.

mol
1.

,

1.
6.
4.
1.
1.

es/1

24E-O3
6SE-O3
39E-O3
09E-04
67E-OS
23E-03
S5E-07
95E-O7
65E-O8
64E-O7
87E-08
85E-O7
93E-O7
O7E-O6
99E-05

es/1
5SE-O2

ERR
ERR
ERR

18E-03
63E-O5
93E-04
39E-03
O2E-O3

ERR
ERR
ERK
ERR

0

0

0

0

r

O

0

o

0

o
1

o

o
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity Cmicromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2SX04)
(HS104)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

Dock
75930
11-09-84

11
5.76
50

1010

6.2
1522
801
NA
906
0.53
750

2.56E-02

mg/1
1.75E-03

109
116
33
15

: 0.005
: 0.005
: 0.02

5.79
: 0.02

0.22
: 0.005
: 0.02
: 0.02

0.02
0.6

280

mg/1
976
ERR
ERR
ERR
24

0.44
0.58
50

121.1
ERR
ERR
ERR
ERR

1173

1.60
1.87%

meq/1
1.74E-03
5.44E+00
9.54E400
1.44E+00
3.84E-01

8.90E-05
7.69E-04
2.59E-01
1.93E-04
8.01E-03

1.85E-04

6.12E-04
3.33E-02

1.71E+01

meq/1
1.60E+01

ERR

ERR
6.77E-01
2.32E-02
1.07E-02
1.04E+00

ERR
ERR
ERR
ERR

1.78E+01

moles/1

2.72E-03
4.77E-03
1.44E-03
3.84E-04
6.67E-08
4.45E-08
3.85E-07
1.04E-04
9.65E-08
4.00E-06
6.33E-08
1.85E-07
3.93E-07
3.06E-07
3.33E-05

moles/1
1.60E-02

ERR
ERR
ERR

6.77E-04
2.32E-05
1.07E-05
5.21E-04
1.26E-03

ERR
ERR
ERR
ERR



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(Si04)

Total

Mormon
75932
11-09-84

12
6.67
190
1020

7.0
1490
339
NA
922
1.26
642

2.61E-02

mg/1
2.16E-04

127
79
73
27

0.005
0.038
0.02
0.05
0.02
0.02
0.011
0.02
0.03
0.3

: 0.6

meq/1
2.14E-04
6.34E+00
6.50E+00
3.18E+00
6.91E-01

6.76E-04
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

9.18E-03
3.33E-02

moles/1

3.17E-03
3.25E-03
3.18E-03
6.91E-04
6.67E-08
3.38E-07
3.85E-07
8.95E-07
9.65E-08
3.64E-07
1.39E-07
1.85E-07
5.89E-07
4.59E-06
3.33E-05

307

Dissolved Solid Ratio
Cation-Anion Balance

913

1.32
0.14%

1.67E+01

mg/1
413
ERR
ERR
ERR
112

9.77
17.27
285
76.0
ERR
ERR
ERR
ERR

meq/1
6.77E400

ERR

ERR
3.16E+00
5.14E-01
3.20E-01
5.93E+00

ERR
ERR
ERR
ERR

moles/1
6.77E-03

ERR
ERR
ERR

3.16E-03
5.14E-04
3.20E-04
2.97E-03
7.91E-04

ERR
ERR
ERR
ERR

1.67E+01



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification: Calf
Laboratory Number: 75929
Date Sampled: 11-09-84

Field Measurements
Temperature( C) 11
pU (standard units) 6.67
Eh (millivolts) 180
Conductivity (micromhos/cm) 1010

Laboratory Measurements
pll (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total 303

Anions mg/1
Bicarbonate(HC03) 386
Carbonate (C03) ERR
Dissolved Carbon Dioxide (H2C02) ERR
Hydroxide (OH) ' ERR
Chloride (Cl) ' 91
Fluoride (F) 8.14
Nitrate + Nitrite (NOX) 29.91
Sulfate (S04) 328
Dissolved Silica (H4Si04) 71.5

(H3S104) ERR
(H2S104) ERR
(HS104) ERR
(Si04) ERR

Total 915

7.0
1490
317
NA

1030
1.14
651

2.66E-02

mg/1
2.16E-04

132
78
67
25

0.006
: 0.005
: 0.02
: 0.05
: 0.02
: 0.02

0.026
: 0.02

0.03
0.08

: 0.6

meq/1
2.14E-04
6.59E+00
6.41E-K)0
2.91E+00
6.39E-01

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

2.45E-03
3.33E-02

moles/1

3.29E-03
3.21E-03
2.91E-03
6.39E-04
8.01E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
3.29E-07
1.85E-07
5.89E-07
1.22E-06
3.33E-05

1.66E+01

meq/1
6.33E+00

ERR

ERR
2.57E+00
4.28E-01
5.54E-01
6.83E+00

ERR
ERR
ERR
ERR

1.67E+01

moles/1
6.33E-03

ERR
ERR
ERR

2.57E-03
4.28E-04
5.54E-04
3.41E-03
7.44E-04

ERR
ERR
ERR
ERR

Dissolved Solid Ratio
Cation-Anion Balance

1.18
0.35%



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pU (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3S104)
(H2S104)
(HS104)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

Effluent
75928
11-09-84

18
7.26
53

1120

7.9
1540
398
NA
872
1.72
508

2.06E-02

mg/1
5.54E-05

116
53
89
11

0.01
0.022

: 0.02
: 0.05
: 0.02
: 0.02

0.006
: 0.02

0.05
0.03

: 0.6

270

mg/1
485
ERR
ERR
ERR
132

0.69
26.14

110
56.8
ERR
ERR
ERR
ERR

811

1.24
0.51%

meq/1
5.50E-05
5.79E-K)0
4.36E+00
3.87E400
2.81E-01

3.91E-04
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

9.18E-04
3.33E-02

1.43E+01

meq/1
7.95E+00

ERR

ERR
3.72E-H)0
3.63E-02
4.84E-01
2.29E+00

ERR
ERR
ERR
ERR

1.45E+OL

moles/1

2.89E-03
2.18E-03
3.87E-03
2.81E-04
1.33E-07
1.96E-07
3.85E-07
8.95E-07
9.65E-08
3.64E-07
7 .60E-08
1.85E-07
9.82E-07
4.59E-07
3.33E-05

moles/1
7.95E-03

ERR
ERR
ERR

3.72E-03
3.63E-05
4.84E-04
1.15E-03
5.91E-04

ERR
ERR
ERR
ERR
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (.micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3S104)
(H2S104)
(HSi04)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

Nelson
75997
11-14-84

NA
NA
NA
NA

7.5
695
195
NA
498
0.55
300

1.08E-02

mg/1
NA
79
25
22
4

0.005
0.005
0.02
0.05
0.02
1.21
0.005
0.02
0.02
0.09
0.6

132

mg/1
238
ERR
ERR
ERR
52

0.13
53.2
48

45.9
ERR
ERR
ERR
ERR

437

1.14
1.47%

meq/1
NA

3.94E+00
2.06E+00
9.57E-01
1.02E-01

8.90E-05
7.69E-04
2.24E-03
1.93E-04
4.40E-02

1.85E-04

2.75E-03
3.33E-02

7.14E+00

meq/1
3.90E-K)0

ERR

ERR
1.47E+00
6.84E-03
9.85E-01
9.99E-01

ERR
ERR
ERR
ERR

7.35E+00

moles/1

1.97E-03
1.03E-03
9.57E-04
1.02E-04
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
2.20E-05
6.33E-08
1.85E-07
3.93E-07
1.38E-06
3.33E-05

moles/1
3.90E-03

ERR
ERR
ERR

1.47E-03
6.84E-06
9.85E-04
5.00E-04
4.77E-04

ERR
ERR
ERR
ERR



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HS104)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

swc
75999
11-14-84

NA
NA
NA
NA

7.3
2020
416
NA

1250
3.28
564

3.04E-02

mg/1
NA
140
52
179
9

: 0.005
: o.oos
: 0.02
: 0.02
: 0.02

0.03
: 0.005
: 0.02

0.44
0.27
18.7

400

mg/1
507
ERR
ERR
ERR
186

0.29
46
379
35.9
ERR
ERR
ERR
ERR

1154

1.24
4.66%

meq/1
NA

6.99E+00
4.28E400
7.79E+00
2.30E-01

8.90E-05
7.69E-04
8.95E-04
1.93E-04
1.09E-03

1.85E-04

8.26E-03
1.04E+00

2.03E+01

meq/1
8.31E+00

ERR

ERR
5.25E+00
1.53E-02
8.52E-01
7.89E+00

ERR
ERR
ERR
ERR

2.23E+01

moles/1

3.49E-03
2.14E-03
7.79E-03
2.30E-04
6.67E-08
4.45E-08
3.85E-07
3.58E-07
9.65E-08
5.46E-07
6.33E-08
1.85E-07
8.64E-06
4.13E-06
1 .04E-03

moles/1
8.31E-03

ERR
ERR
ERR

5.25E-03
1.53E-05
8.52E-04
3.95E-03
3.73E-04

ERR
ERR
ERR
ERR
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification: Lewis
Laboratory Number: 76000
Date Sampled: 11-14-84

Field Measurements
Temperature( C) NA
pH (standard units) NA
Eh (millivolts) NA
Conductivity £micromhos/cm) NA

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total 240

Anions mg/1
Bicarbonate(HC03) 508
Carbonate (C03) ERR
Dissolved Carbon Dioxide (H2C02) ERR
Hydroxide (OH) ERR
Chloride (Cl) 55
Fluoride (F) 0.35
Nitrate + Nitrite (NOX) 35.77
Sulfate (S04) 120
Dissolved Silica (H4Si04) 51

(H3Si04) ERR
(H2Si04) ERR
(HSi04) ERR
(Si04) ERR

7.4
1140
417
NA
792
0.97
542

1.98E-02

mg/1
NA
118
60
52
8

0.005
0.005
0.005
0.05
0.02
0.02
0.005
0.02
0.05
0.06
1.6

meq/1
NA

5.89E+00
4.93E+00
2.26E-K)0
2.05E-01

8.90E-05
1.92E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

1.84E-03
8.87E-02

moles/1

2.94E-03
2.47E-03
2.26E-03
2.05E-04
6.67E-08
4.45E-08
9.62E-08
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
9.82E-07
9.18E-07
8.87E-05

Total 770

1.34E+01

meq/1
8.33E+00

ERR

ERR
1.55E+00
1.84E-02
6.62E-01
2.50E+00

ERR
ERR
ERR
ERR

1.31E+01

moles/1
8.33E-03

ERR
ERR
ERR

1.55E-03
1.84E-05
6.62E-04
1.25E-03
5.31E-04

ERR
ERR
ERR
ERR

Dissolved Solid Ratio
Cation-Anion Balance

1.28
1.22%



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (U)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSiOA)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

SWG
75998
11-14-84

NA
NA
NA
NA

7.3
1370
311
NA
980
1.03
604

2.41E-02

mg/1
NA
123
72
58
23

< 0.005
< 0.005
< 0.02
< 0.05
< 0.02
< 0.02
< 0.005
< 0.02

0.06
0.05

< 0.6

277

mg/1
379
ERR
ERR
ERR
81
6.2

28.76
277
69.5
ERR
ERR
ERR
ERR

842

1.14
0.28%

meq/1
NA

6.14E+00
5.92E+00
2.52E+00
5.88E-01

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

1.53E-03
3.33E-02

1.52E+01

meq/1
6.21E+00

ERR

ERR
2.28E+00
3.26E-01
5.32E-01
5.77E+00

ERR
ERR
ERR
ERR

1.51E+01

moles/1

3.07E-03
2.96E-03
2.52E-03
5.88E-04
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
1.18E-06
7.65E-07
3.33E-05

moles/1
6.21E-03

ERR
ERR
ERR

2.28E-03
3.26E-04
5.32E-04
2.88E-03
7.23E-04

ERR
ERR
ERR
ERR
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification: Lab 1
Laboratory Number: 76004
Date Sampled: 11-14-84

Field Measurements
Temperature( C) 23
pH (standard units) 8.34
Eh (millivolts) 40
Conductivity (micromhos/cm) 18

Laboratory Measurements
pH (standard units) 6.0
Conductivity (micromhos/cm) 9
Total Alkalinity (mg of CaC03/l) 6
Total Acidity (mg of CaC03/l) NA
Total Dissolved Solids (mg/1) 8
Sodium Adsorption Ratio . 0.67
Total Hardness (mg of CaC03/l) 7
Ionic Strength <3.37E-04

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total 8

Anions mg/1
Bicarbonate(HC03) 7
Carbonate (C03) ERR
Dissolved Carbon Dioxide (H2C02) ERR
Hydroxide (OH) ERR
Chloride (Cl) < 1
Fluoride (F) ' < 0.1
Nitrate + Nitrite (NOX) 0.46
Sulfate (S04) < 1
Dissolved Silica (H4Si04) < 0.3

(H3Si04) ERR
(H2Si04) ERR
(HSi04) ERR
(Si04) ERR

Total 10

mg/1
4.61E-06
: i

1
4
1

: o.oos
0.005
0.02
0.05
0.02
0.02

: 0.005
0.02
0.04
0.02
0.6

meq/1
4.57E-06
4.99E-02
8.22E-02
1.74E-01
2.56E-02

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

moles/1

2.50E-05
4.11E-05
1.74E-04
2.56E-05
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
7.85E-07
3.06E-07
3.33E-05

3.70E-01

meq/1
1.20E-01

ERR

ERR
2.82E-02
5.26E-03
8.52E-03
2.08E-02

ERR
ERR
ERR
ERR

1.83E-01

raoles/1
1.20E-04

ERR
ERR
ERR

2.82E-05
5.26E-06
8.52E-06
1.04E-05
3.12E-06

ERR
ERR
ERR
ERR

Dissolved Solid Ratio
Cation-Anion Balance

2.25
33.87%



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids, (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HSi04)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

Lab 2
76005
11-14-84

23
8.34
40
18

4.7
5

< 1
NA
9

0.51
7

<2.64E-04

mg/1
4.61E-06
< 1
< 1

3
< 1
< 0.005
< 0.005
< 0.02
< 0.05
< 0.02
< 0.02
< 0.005
< 0.02
< 0.02
< 0.02
< 0.6

7

mg/1
< 1

ERR
ERR
ERR

< 1
< 0.1

0.31
< 1
< 0.3

ERR
ERR
ERR
ERR

4

1.19
60.62%

meq/1
4.57E-06
4.99E-02
8.22E-02
1.30E-01
2.56E-02

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

3.26E-01

meq/1
2.00E-02

ERR

ERR
2.82E-02
5.26E-03
5.74E-03
2.08E-02

ERR
ERR
ERR
ERR

8.00E-02

moles/1

2.50E-05
4.11E-05
1.30E-04
2.56E-05
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
3.93E-07
3.06E-07
3.33E-05

moles/1
2.00E-05

.ERR
ERR
ERR

2.82E-05
5.26E-06
5.74E-06
1.04E-05
3.12E-06

ERR
ERR
ERR
ERR
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Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification: TW7A
Laboratory Number: 75939
Date Sampled: 11-10-84

Field Measurements
Temperature( C) 9
pH (standard units) 6.69
Eh (millivoltsj -36
Conductivity (micromhos/cm) 25

Laboratory Measurements
pH (standard units) 5.2
Conductivity (micromhos/cm) 15
Total Alkalinity (mg of CaC03/l) 2
Total Acidity (mg of CaC03/l) NA
Total Dissolved Solids (mg/1) 30
Sodium Adsorption Ratio 0.16
Total Hardness (mg of CaC03/l) 7
Ionic Strength <2.30E-04

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions mg/1
Bicarbonate(HC03) 2
Carbonate (C03) ERR
Dissolved Carbon Dioxide (H2C02) ERR
Hydroxide (OH) ERR
Chloride (Cl) < 1
Fluoride (F) < 0.1
Nitrate + Nitrite (NOX) < 0.19
Sulfate (S04) < 1
Dissolved Silica (H4Si04) < 0.3

(H3Si04) ERR
(H2Si04) ERR
(HSi04) ERR
(Si04) ERR

Total 5

mg/1
06E-04

1
1
1
1

0.005
0.005
0.02
0.05
0.02
0.02
0.005
0.02
0.04
0.02
0.6

meq/l
2.04E-04
4.99E-02
8.22E-02
4.35E-02
2.56E-02

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

moles/1

2.50E-05
4.11E-05
4.35E-05
2.56E-05
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
7.85E-07
3.06E-07
3.33E-05

2.39E-01

meq/l
4.00E-02

ERR

ERR
2.82E-02
5.26E-03
3.52E-03
2.08E-02

ERR
ERR
ERR
ERR
^

9.78E-02

moles/1
4.00E-05

ERR
ERR
ERR

2.82E-05
.26E-06
.52E-06
1.04E-05
3.12E-06

ERR
ERR
ERR
ERR

5
3.

Dissolved Solid Ratio
Cation-Anion Balance

0.33
42.02%



Water Quality Analysis
Monsanto, Inc.
Soda Springs Plant

Identification:
Laboratory Number:
Date Sampled:

Field Measurements
Temperature( C)
pH (standard units)
Eh (millivolts)
Conductivity (micromhos/cm)

Laboratory Measurements
pH (standard units)
Conductivity (micromhos/cm)
Total Alkalinity (mg of CaC03/l)
Total Acidity (mg of CaC03/l)
Total Dissolved Solids (mg/1)
Sodium Adsorption Ratio
Total Hardness (mg of CaC03/l)
Ionic Strength

Cations
Hydrogen (H)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Selenium (Se)
Silver (Ag)
Vanadium (V)
Zinc (Zn)
Ammonium (NH4)

Total

Anions
Bicarbonate(HC03)
Carbonate (C03)
Dissolved Carbon Dioxide (H2C02)
Hydroxide (OH)
Chloride (Cl)
Fluoride (F)
Nitrate + Nitrite (NOX)
Sulfate (S04)
Dissolved Silica (H4Si04)

(H3Si04)
(H2Si04)
(HS104)
(Si04)

Total

Dissolved Solid Ratio
Cation-Anion Balance

TW13A
75946
11-07-84

10
7.03
81
590

6.6
10

) 2
NA
22

0.16
7

<2.26E-04

mg/1
9.41E-05
< 1
< 1
< 1
< 1
< 0.005
< 0.005
< 0.02
< 0.05
< 0.02
< 0.02
< 0.005
< 0.02

0.03
< 0.02
< 0.6

5

mg/1
2

ERR
) ERR

ERR
< 1
< 0.1
< 0.19
< 1
< 0.3

ERR
ERR
ERR
ERR

5

0.43
45.09%

meq/1
9.33E-05
4.99E-02
8.22E-02
4.35E-02
2.56E-02

8.90E-05
7.69E-04
2.24E-03
1.93E-04
7.28E-04

1.85E-04

6.12E-04
3.33E-02

2.39E-01

meq/1
3.28E-02

ERR

ERR
2.82E-02
5.26E-03
3.52E-03
2.08E-02

ERR
ERR
ERR
ERR

9.06E-02

moles/1

2.50E-05
4.11E-05
4.35E-05
2.56E-05
6.67E-08
4.45E-08
3.85E-07
8.95E-07
9.65E-08
3.64E-07
6.33E-08
1.85E-07
5.89E-07
3.06E-07
3.33E-05

moles/1
3.28E-05

ERR
ERR
ERR

2.82E-05
5.26E-06
3.52E-06
1.04E-05
3.12E-06

ERR
ERR
ERR
ERR



WATER-LEVEL DATA ;FOR TEST WELL: TW-22

MEASURING POINT (MP)
1 MP ELEVATION = 5955.64 (FT MSL)

MEASURING DEVICE <MD)
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

TOP OF A IN, PVC CASING

c
0
0

c

DATE

10-16-84
10-17-84
10-17-84
10-17-84
10-18-84
10-22-84
10-24-84
10-26-84
10-28-84
10-30-84
11- 1-84
11- 2-84
11- 2-84
11- 3-84
11- 6-84
11- 8-84
11-16-84
11-19-84
11-20-84
11-22-84
11-24-84
11-26-84
11-27-84
11-29-84
12- 1-84
12- 3-84
12-6-34
12- 8-84
12-10-84
12-11-84
12-14-84
1-29-85
1-31-85
2- 2-85
2- 4-85
2- 6-85
2-11-85
2-13-85
2-15-85

TIME

1800
850

.1700
1740
830
945
1520
1200
1200
330
1200
1330
1515
1410
1455
1440
1844
925
822
1200
1200
1200
1055
1200
1200
1345
1200
1200
1200
1710
1407
1310
940
1305
950
850
1335
1007
935

FRAC.
DAYS
(DAYS)

289.750
290.368
290.708
290,736
291.354
295,406
297.639
299.500
301.500
303.354
305.500
306.563
306,635
307.590
310.622
312.611
320.781
323.392
324 , 349
326,500
328.500
330,500
331.455
333.500
335.500
337 . 573
340,500
342,500
344,500
345,715
348,588
210.549
212,403
133,545
1 35 , 4 1 0
137,363
192.566
194.422
196,399

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 .
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
3
3
3
5
5
3
5
3
3
3
3
3
3
3
3
5
5
5
3
5
5
3
5
5
5
3
3
3
3
3
3
3
3
3
3

MEAS.
DEPTH
(FT. BMP)

70,27
70,08
70.04
70.21
70. 14
70. IS
70. 14
70.08
70.09
70. 17
70.21
70. 19
70.34
70,21
70.21
70. 16
70,21
70.22
70 , 22
70.20
70, 16
70.21
70.31
70.25
70.22
70.28
70,35
70.35
70.37
70,29
70 , 27
70.41
70,63
70.47
70.52
70 . 53
70.59
70,59
70,60

CORR,
DEPTH
(FT. BMP)

70.27
70.08
70,04
70.21
70. 14
70. 18
70, 14
70.08
70.09
70. 17
70.21
70. 19
70,34
70.21
70,21
70. 16
70.21
70.22
70.22
70.20
70.16
70.21
70.31
70,25
70.22
70.23
70,35
70.35
70,37
70.29
70,27
70.41
70.63
70,47
70,52
70.53
70 , 59
70,59
70,60

ELEV.
(FT.MSL)

5385.37
5885.56
5885.60
5885.43
5885.50
5885.46
5885.50
5885,56
5885,55
5885.47
5885.43
5835.45
5335.30
5885,43
5885.43
5385,43
5385,43
5335.42
5885.42
5835.44
5335.48
5335,43
5335.33
5835.39
5335.42
5835,36
5385,29
5835,29
5335 , 27
5335,35
5835 , 37
5335,23
5385,01
5835, 17
5335, 12
5835. 11
5335, 05
5335, 05
5335.04



WATER-LEVEL DATA FOR TEST WELL: TW-23

MEASURING POINT <MP)
1 MP ELEVATION = 5955.41 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

: TOP OF 4 IN. PVC CASING

DATE

10-16-84
10-17-84
10-18-84
10-18-84
10-20-84
10-22-84
10-24-84
10-25-84
10-26-84
10-27-84
10-29-84
10-31-84
11- 1-84
11- 2-84
11- 3-84
11- 4-84
11- 6-84
11- 8-84
11-16-84
11-19-84
11-21-84
11-26-84
11-28-84
11-30-84
12- 3-84
12- 5-84
12- 8-84
12-10-84
12-12-84
12-14-84
1-29-85
1-31-85
2- 2-85
2- 4-85
2- 6-85
2-11 -35
2-13-85
2-15-85

TIME

900
900
830
1630
1400
1200
800
1010
1400
1200
1200
1200
945
1200
1200
1000
1455
1445
844
925
823
1618
1116
930
1345
1639
1400
950

1 130
1445
1310
940
1305
950
850
1335
1007
935

FRAC.
DAYS
(DAYS)

289.375
290.375
291.354
291.688
293.583
295.500
297.333
298.424
299.583
300.500
302.500
304.500
305.405
306.500
307.500
308.417
310.622
312.615
320.364
323.392
325.349
330.679
332.469
334.396
337.573
339.694
342.583
344.410
346.479
348.615
210.549
212.403
183.545
185.410
187,368
192.566
194.422
196.399

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
5
5
5
3
5
5
5
5
3
5
5
5
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

MEAS.
DEPTH
(FT. BMP)

70.59
70.60
70.67
70.70
70.67
70.79
70.75
70.80
70.60
70.68
70.71
70.77
70.86
70.82
70.86
70.92
70.86
70.86
71.04
71. 05
71.06
71. 11
71.09
71. 14
71.18
71.24
71.29
7 1 . 27
71.26
71 .34
71.85
71.88
7 1 . 88
71.95
71 .95
72.01
72.09
72.08

CORR.
DEPTH
(FT. BMP)

70.59
70.60
70.67
70.70
70.67
70.79
70.75
70 . 80
70.60
70.68
70.71
70.77
70 , 86
70.82
70.86
70.92
7'0 . 86
70.86
71.04
71.05
71 .06
71.11
71.09
71.14
71 . 18
71.24
71.29
7 1 . 27
71 .26
7 1 . 34
7 1 . 85
71 .88
71 .88
71 .95
71 .95
72.01
72.09
72.08

ELEV.
(FT. MSL)

5884.82
5884.81
5884.74
5884,71
5884,74
5884,62
5884,66
5884.61
5884,81
5834,73
5384.70
5884,64
5834,55
5834,59
5884,55
5834.49
5884,55
5884.55
5384 . 37
5384,36
5384,35
5384,30
5384,32
5884,27
5884.23
5834. 17
5384, 12
5884, 14
5834. 15
5384,07
5383,56
5383,53
5883 , 53
5883.46
5833,46
5383.40
5333.32
5333.33



WATER-LEVEL DATA FOR TEST WELL: TW-24

MEASURING POINT (MP)
1 MP ELEVATION = 5955.39 <FT MSL)

MEASURING DEVICE <MD)
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

TOP OF 4 IN, PVC CASING

0

0

U

P

fii

DATE

10-18-84
10-22-84
10-23-84
10-25-84
10-26-84
10-27-84
10-28-84
10-30-84
11- 1-34
11- 2-84
11- 2-84
11- 2-84
11- 3-84
11- 5-84
11- 8-84
11-16-84
11-19-84
11-21-84
11-26-84
11-28-84
11-30-84
12- 3-84
12- 5-84
12- 8-84
12-10-84
12-12-84
12-12-84
12-17-84
12-18-84
12-19-84
12-20-84
1-29-85
1-31 -85
2- 2-35
2- 4-85
2- 6-85
2-1 1-85
2-13-S5
2- 15-85

TIME

830
945
1120
1200
1200
1200
1200
320
1200
1200
1400
1630
1320
1500
1415
844
925
823
1618
1 116
930
1345
1635
1400
950
1130
1425
1440
1430
1 120
1000
1310
940
305
950
850
1335
1007
935

FRAC.
DAYS
(DAYS)

29 1 , 354
295.406
296.472
298.500
299,500
300.500
301.500
303.347
305,500
306.500
306.583
306,688
307,556
310.625
312,594
320,364
323.392
325,349
330,679
332,469
334,396
337 , 573
339,691
342,583
344,410
346,479
346,601
35 1 , 6 1 1
352,604
353,472
354,417
210,549
212,403
133, 128
185,410
187.363
192,556
194.422
196.399

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
5
5

• 5
5
3
5
5
5
3
3
3
3
3
3
3
O
>_•

3
3
3
3
3
3
3
3
3
3
3
5
3
3
3
3
3
3
3
3

MEAS.
DEPTH
(FT. BMP)

70.01
70.00
70.01
69.96
69.93
69.96
69.97
70.01
70.05
70.09
70.34
70. 17
70.03
70.03
70.01
70.01
70,04
70.06
70,08
70,09
70,08
70,09
70, 11
70. 14
70, 16
70, 11
70, 1 1
70, IS
70,21
70,21
70,21
70,21
70 , 24
70,24
70,31
70.34
70,37
70 . 39
70.39

CORR.
DEPTH
(FT. BMP)

70.01
70.00
70,01
69.96
69.93
69.96
69.97
70.01
70.05
70 . 09
70,34
70. 17
70,03
70.03
70.01
70.01
70.04
70.06
70,03
70,09
70,08
70.09
70, 11
70, 14
70, 16
70, 11
70, 1 1
70. IS
70,21
70,21
70,21
70.21
70,24
70.24
70,31
70.34
70 , 37
70.39
70 , 39

ELEV,
(FT. MSL)

5885.33
5885.39
5885 , 38
5885.43
5885 » 46
5835.43
5885.42
5885.38
5885,34
5885.30
5835,05
5885.22
5885.36
5385.36
5835.38
5835,38
5885.35
5885,33
5835.31
5835,30
5335,31
5885,30
5335,23
5885,25
5835,23
5835,28
5835 , 23
5385,21
5385, IS
5835, IS
5885, IS
5835, IS
5885. 15
5835, 15
5335,03
5335,05
5335,02
5335,00
5SS5.00



WATER-LEVEL DATA FOR TEST WELL: TW-25

MEASURING POINT (MP)
1 MP ELEVATION = 5999.00 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3

: TOP OF 4 IN. PVC CASING

L

DATE

11- 1-34
11- 3-84
11- 3-84
11- 6-84
11-10-84
11-16-84
11-19-84
11-19-84
11-20-84
11-21-84
11-26-84
11-28-84
11-30-84
11-30-84
12- 3-84
12- 3-84
12-12-84
12-17-84
1-29-85
1-31-85
2- 2-85
2- 4-85
2- 6-85
2-11-85
2-13-85
2-15-85

'-
TIME

1000
700
1200

. 1510
1545
1110
949
1315
1345
920
1655
1145
918
1400
1333
1030
1220
1150
1340
1035
1315
940
900
920
1020
1002

FRAC.
DAYS
(DAYS)

305.417
307.292
307.500
310.632
314.656
320,465
323.409
323.552
324.573
325 . 389
330.705
332.490
334.388
334.533
337.565
342.433
346.514
351.493
210.569
212.441
183.552
185.403
187.375
192,389
194.431
196.418

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

MEAS,
DEPTH
(FT. BMP)

92.45
92.57
92.65
92.60
92.52
92.53
92.67
92.60
92.68
92.62
92.60
92.60
92.68
92.65
92.76
92.71
92.65
92.91
93.24
93.29
93, 14
93, 19
93, 19
93,40
93.21
93,44

CORR.
DEPTH
(FT. BMP)

92.45
92.57
92.65
92,60
92.52
92,53
92.67
92,60
92.68
92,62
92.60
92,60
92,68
92.65
92.76
92.71
92.65
92.91
93.24
93,29
93. 14
93. 19
93, 19
93,40
93.21
93,44

ELEV.
(FT, MSL)

5906.55
5906.43
5906.35
5906,40
5906,48
5906,47
5906,33
5906,40
5906.32
5906,38
5906,40
5906,40
5906,32
5906,35
5906,24
5906.29
5906,35
5906,09
5905,76
5905,71
5905.86
5905,81
5905,31
5905,60
5905,79
5905,56



WATER-LEVEL DATA FOR TEST WELL: TW-26

MEASURING POINT (MP)
1 MP ELEVATION = 5998.22 (FT MSL)
2 MP ELEVATION = 5998,08 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

4.5 CM ABOVE PERMANENT MP
TOP OF 4 IN PVC CASING

r

f!

i: •

1 ,

DATE

10-27-84
10-29-84
10-30-84
10-31-84
10-31-84
11- 1-84
11- 3-84
11- 3-84
11- 5-84
11-11-84
11-16-84
11-19-84
11-20-34
11-22-84
1 1 -24-84
11-26-84
11-27-84
1 1-29-34
11-30-34
12- 2-84
12- 4-84
12- 6-84
12- 3-34
12-10-34
12-1 1-34
12-12-84
12-14-84
12-16-34
12-17-34
12-13-34
12-19-34
12-20-34
1-29-35
1-31-85
2- 2-35
2- 4-35
2- 5-35
2-1 1-35
2-13-85
2-15-S5

TIME

1330
1100
1615
900
1720
1000
700
1200
1510
1540
1110
949
1340
1200
1200
1200
1105
1200
1530
1200
1435
1200
1200
1200
1730
1200
1200
1200
1 145
1150
1110
1000
1340
1035
1315
940
900
920
1020
1002

FRAC,
DAYS
(DAYS)

300,563
302.458
303.677
304.375
304.722
305.417
307.292
307.500
310.632
315.553
320,465
323,409
324.569
326,500
328,500
330,500
331 .462
333,500
334.646
336,500
338,608
340,500
342,500
344,500
345.729
346,500
348,500
350,500
351,490
352,493
353,465
354 ,417
210.569
212,441
1 33 , 552
135,403
137,375
192,339
194,431
196,413

MP

1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

MD

3
3
3
3
3
3
3
3
3
3
3
3
3
5
5
5
3
5
3
5
5
5
5
5
3
5
5
5
3
3
3
5
3
3
3
3
3
3
3
3

MEAS,
DEPTH
(FT. BMP)

90.75
90.88
90.78
91.34
91.24
91 .76
91,67
91.70
91.60
91.57
91.55
91.71
91.65
91.72
91 ,50
91,67
91.65
91.70
91.66
91 .78
91,73
91,90
91.78
91.76
91,73
91 .65
91 ,39
91.74
91 ,91
91 .91
91 ,94
91.90
92.22
92.30
92, 19
92,22
92,21
92.39
92.49
92. 42

CORR,
DEPTH
(FT, BMP)

90.75
90.88
90,78
9 1 , 34
91.24
91,76
91,67
91,70
91.60
91,57
91.55
91.71
91.65
91.72
91.50
91,67
91,65
91 .70
91 .66
9 1 . 78
9 1 . 73
91.90
9 1 . 73
91 ,76
9 1 . 73
91.65
91,89
91 ,74
91,91
91 .91
91.94
91 ,90
92,22
92.30
92. 19
92,22
92.21
92,39
92.49
92. 42

ELEV.
(FT. MSL)

5907.47
5907.34
5907.44
5906.88
5906.98
5906,46
5906.55
5906,52
5906.48
5906.51
5906.53
5906.37
5906,43
5906.36
5906.58
5906,41
5906.43
5906.33
5906.42
5906.30
5906.35
5906, IS
5906.30
5906.32
5906,30
5906,43
5906, 19
5906,34
5906, 17
5906. 17
5906. 14
5906, IS
5905,36
5905.73
5905,39
5905.36
5905,37
5905,69
5905.59
5905.56

I



r

c
0

e
o

WATER-LEVEL DATA FOR TEST WELL: TW-27

MEASURING POINT (MP)
1 MP ELEVATION = 5998,10 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3

: TOP OF 4 IN PVC CASING

DATE

10-31-34
10-31-84
11- 1-84
11- 1-84
11- 3-84
11- 3-84
11- 3-84
11- 6-84
11-11-84
11-16-84
11-19-84
11-21-84
11-26-84
11-28-84
11-30-84
12- 3-84
12-10-84
12-12-84
12-17-84
1-29-85
1-31-85
2- 2-85
2- 4-85
2- 6-85
2-1 1-85
2-13-85
2-15-85

TIME

900
1720
1000
1530
700
1200
1620
1510
1445
1110
949
920
1655
1145
918
1333
1030
1220
1150
1340
1035
1315
940
900
920
1020
1002

FRAC.
DAYS
(DAYS)

304.375
304.722
305.417
305.646
307.292
307.500
307.681
310.632
315.615
320.465
323.409
325.389
330.705
332.490
334.388
337.565
344.438
346.514
351.493
210.569
212.441
183.552
185.403
187.375
192.389
194.431
196.413

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

MEAS.
DEPTH
(FT. BMP)

38.38
88.45
88.61
88.61
88.58
88.58
83.61
88,60
83.63
38.63
83.76
88.73
83.56
88.70
33.76
88.71
83.76
38,66
83.76
39,07
39 . 1 7
89.00
89.00
89, 1 1
89.24
89 . 27
39.20

CORR.
DEPTH
(FT, BMP)

88.33
88,45
88,61
88,61
88,53
88,58
38.61
83.60
88.63
38,63
88.76
88.78
88.56
88.70
83.76
88.71
83.76
38.66
33.76
89 . 07
89. 17
89.00
89.00
89. 1 1
89.24
39 , 27
89.20

ELEV.
(FT. MSL)

5909.72
5909.65
5909.49
5909.49
5909.52
5909.52
5909.49
5909,50
5909,47
5909.47
5909.34
5909,32
5909.54
5909.40
5909.34
5909.39
5909.34
5909,44
5909.34
5909.03
5903.93
5909. 10
5909, 10
5908.99
5908.86
5908.83
5908,90



WATER-LEVEL DATA FOR TEST WELL: TW-2S

MEASURING POINT (MP)
1 MP ELEVATION = 5990.31 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

TOP OF 4 IN PVC CASING

r

i;
rt

DATE

11- 6-84
11-11-84
11-16-84
11-21-84
11-23-84
11-25-84
11-27-84
11-28-84
11-30-84
12- 2-84
12- 4-84
12- 5-84
12- 7-84
12- 9-84
12-11-84
12-12-84
1-29-85
1-31-85
2- 2-85
2- 4-85
2- 6-85
2-1 1-85
2-13-85
2-15-85

TIME

1440
1540
825
755
1200
1200
1200
1045
1200
1200
1200
1358
1200
1200
1200
1030 t

1300
930
1250
1010
832
903
915
917

FRAC .
DAYS
(DAYS)

310,611
315.653
320.351
325.330
327,500
329.500
331.500
332.448
334.500
336.500
338,500
339.582
341,500
343,500
345,500
346 . 438
210,542
212.396
183,535
135,424
187,356
192,377
194,385
196,387

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
5
5
5
3
5
5
5
5
5
5
5
3
3
3
3
3
3
3
3
3

MEAS.
DEPTH
(FT. BMP)

39.42
39.53
39.62
39.71
39,75
39.73
39.83
39.80
39.33
39.88
39.93
39,98
40.02
40,04
40,00
40,02
40,91
40.94
40.94
41.04
40.99
41,08
41, 17
41, 19

CORR.
DEPTH
(FT, BMP)

39,42
39,53
39.62
39.71
39,75
39.73 '
39,83
39.80
39.83
39.88
39.93
39.98
40,02
40,04
40,00
40,02
40,91
40,94
40,94
41 .04
40,99
41 ,08
41, 17
41 , 19

ELEV.
(FT.MSL)

5950.89
5950,78
5950.69
5950,60
5950.56
5950,58
5950.48
5950,51
5950.48
5950,43
5950.38
5950,33
5950,29
5950,27
5950,31
5950,29
5949,40
5949,37
5949 , 37
5949,27
5949,32
5949,23
5949. 14
5949, 12



WATER-LEVEL DATA FOR TEST WELL: TW-29

MEASURING POINT (MP)
1 MP ELEVATION = 5990.30 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3

TOP OF 4 IN PVC CASING

fl DATE

11- 2-S4
11- 3-84
11- 6-S4
11-11-84
11-16-84
11-19-84
11-21-84
11-26-84
11-28-34
11-30-84
12- 3-84
12- 5-84
12- 8-84
12-10-84
12-12-34
1-29-85
1-31-85
2- 2-85
2- 4-85
2- 6-85
2-11-85
2-13-85
2-15-85

-
TIME

1230
1330
1435
1510
825
906
808
1602
1040
841
1311
1400
1550
938
1030
1300
930
1250
1010
832
903
335
917

FRAC,
DAYS
(DAYS)

306.521
307.563
310.608
315.632
320.351
323.379
325.339
330.668
332.444
334.362
337,549
339 . 583
342.660
344.401
346.438
210.542
212.396
1 83 . 535
185.424
187.356
192.377
194. 149
196.387

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
.3

MEAS.
DEPTH
(FT. BMP)

39.37
39.40
39.43
39.53
39.60
39.68
39.71
39.80
39 . 73
39.83
39.89
39.93
39.99
40.03
39.99
40.39
40,94
40.94
41.01
41 ,01
41 .03
41. 16
41. 17

CORK.
DEPTH
(FT. BMP)

39,37
39,40
39.43
39,53
39,60
39,68
39,71
39,80
39.78
39.83
39,89
39,98
39,99
40,03
39,99
40,39
40.94
40,94
41,01
41,01
41.03
41 , 16
41. 17

ELEV.
(FT. MSL)

5950.93
5950.90
5950.87
5950.77
5950,70
5950.62
5950.59
5950,50
5950.52
5950,47
5950,41
5950,32
5950.31
5950.27
5950.31
5949.41
5949.36
5949,36
5949.29
5949,29
5949,22
5949. 14
5949, 13



n

WATER-LEVEL DATA FOR TEST WELL: TW-30

MEASURING POINT (MP)
1 MP ELEVATION = 5993.33 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

: TOP OF 4 IN PVC CASING

G

DATE

11-16-84
11-17-34
11-18-34
11-19-34
11-21-84
11-23-84
11-24-84
11-28-34
11-30-34
12- 2-84
12- 4-34
12- 5-34
12- 7-84
12- 9-34
12-11-34
12-12-34
12-13-34
12-14-84
12-17-34
12-13-34
12-19-34
12-20-34
1-29-35
1-30-35
2- 3-35
2- 6-35
2- 3-35
2-10-35
2-12-85
2-13-35
2-15-85

TIME

1000
1200
1200
1200
932
1200
1200
1135
1200
1200
1300
1625
1200
1200
1200
1135
1200
1200
953
930
840
300
1530
1510
1200
915
1200
1200
1000
1015
955

FRAC,
DAYS
(DAYS)

320,417
321,500
322.500
323,500
325,397
327.500
328.500
332.483
334,500
336,500
338.750
339.684
341 ,500
343,500
345.500
346,433
347,500
343,500
351 ,412
352,396
353,361
354,333
210.646
211.632
134,500
187.335
139,500
191,500
193,417
194.427
196.413

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
5
5
5
3
5
5
3
5
5
5
3
5
5
5
3
5
5
3
3
3
5
3
3
5
3
5
5
5
3
3

MEAS.
DEPTH
(FT. BMP)

62,01
62.02
62,03
62.05
62,04
62,01
61.99
62.04
62.07
62. 11
62. 13
62. 12
62. 15
62. 14
62.09
62. 06
62. 16
62.21
62,20
62, 15
62. 15
62.05
62.30
62.33
62.40
(i f 0-7D .£_ . O/

62,31
62,42
62.33
62,47
62,40

CORR.
DEPTH
(FT. BMP)

62.01
62.02
62.03
62,05
62.04
62.01
61.99
62.04
62.07
62. 11
62, 13
62. 12
62. 15
62. 14
62.09
62.06
62. 16
62.21
62.20
52. 15
62. 15
62. 05
62.30
62.33
62.40
52.37
62,31
62.42
62,33
52.47
62,40

ELEV,
(FT.MSL)

5931.37
5931,36
5931.35
5931.33
5931,34
5931,37
5931.39
5931,34
5931.31
5931.27
5931.25
5931.26
5931,23
5931.24
5931.29
5931.32
5931.22
5931. 17
5931. IS
5931,23
5931,23
5931,33
5931 ,03
5931,05
5930.93
5931,01
5931 ,07
5930.96
5931 ,00
5930 . 9 1
5930.93



WATER-LEVEL DATA FOR TEST WELL: TW-31

MEASURING POINT (MP)
1 MP ELEVATION = 5976.23 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3
5 STEVENS RECORDER CHART

: TOP OF 4 IN PVC CASING

n

r

DATE

12- 4-84
12- 8-84
12- 9-84
12-10-84
12-12-84
12-12-84
12-12-84
12-13-84
1-29-85
1-30-85
2- 2-85
2- 4-85
2- 6-85
2-11-85
2-13-85
2-15-85

TIME

730
1250
1200
835
1100
1445
1605
745
1150
1550
1200
1200
940
1015
915
348

FRAC ,
DAYS
(DAYS)

333,313
342.535
343.500
344.358
346 . 458
346.615
346.670
347.323
210.493
211.660
183.500
185.500
137.403
192.427
194.385
'196.367

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
3
3
3
3
3
3
5
5
3
3
3
3

MEAS.
DEPTH
(FT. BMP)

23.00
23.46
23.39
23.29
23.06
23.06
23.22
23. 13
23.72
23.75
23.83
23.92
23,93
23.85
24,24
24, 19

CORR,
DEPTH
(FT, BMP)

23.00
23.46
23.39
23.29
23.06
23.06
23.22
23. IS
23.72
23.75
23.83
23.92
23,93
23,35
24,24
24, 19

ELEV.
(FT. MSL)

5953.23
5952.77
5952.84
5952.94
5953.17
5953.17
5953,01
5953,05
5952.51
5952.48
5952,40
5952.31
5952.30
5952.38
5951.99
5952,04

E



WATER-LEVEL DATA FOR TEST WELL: TW-32

MEASURING POINT (MP)
1 MP ELEVATION = 5976.59 (FT MSL)

MEASURING DEVICE <MD)
3 COLDER ELECTRIC PROBE #3
5 STEVENS RECORDER CHART

: TOP OF 4 IN PVC CASING

0
B
n

L

c

DATE

12- 9-84
12-10-84
12-14-84
1-29-85
1-31-85
2- 2-85
2- 4-85
2- 6-85
2- 8-85
2-12-85
2-13-85
2-15-85

TIME

1200
835
1625
1150
905
930
1130
935
1200
1600
915
848

FRAC.
DAYS
(DAYS)

343.500
344.358
348.684
210.493
212.378
183,396
185.479
187.399
189.500
193.667
194.385
196.367

MP

1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
3
3
3
3
5
5
3
3

ME AS.
DEPTH
( FT . BMP )

26. 12
26. 12
25.59
25.82
25.95
25.92
26. 12
26.08
26. 10
26.36
26.36
26.38

CORR,
DEPTH
(FT. BMP)

26.12
26. 12
25,59
25,82
25,95
25.92
26.12
26,08
26. 10
26.36
26 . 36
26.38

ELEV.
(FT.MSL)

5950.47
5950.47
5951.00
5950.77
5950.64
5950.67
5950.47
5950.51
5950.49
5950.23
5950.23
5950.21

•fr



WATER-LEVEL DATA FOR TEST WELL: TW-33

MEASURING POINT (MP)
1 MP ELEVATION = 5976,53 (FT MSL)

MEASURING DEVICE (MD>
3 COLDER ELECTRIC PROBE #3
5 STEVENS RECORDER CHART

TOP OF 4 IN PVC CASING

i,
li

C

DATE

12- 9-84
12-10-84
12-11-84
12-12-34
12-12-84
12-12-84
12-12-84
12-13-84
12-13-84
12-13-84
12-14-84
1-29-85
1-30-85
2- 4-85
2- 6-85
2- 8-85
2-10-85
2-12-85
2-13-85
2-15-85

TIME

1200
835
1100
1500
1630
1730
2000
750
945
1200
1445
1150
1035
1130
930
1200
800
1600
915
848

FRAC.
DAYS
( DAYS )

343,500
344,358
345.458
346.625
346.688
346 . 729
346.833
347.326
347.406
347.500
348.615
210,493
211 ,441
185,479
187,396
189,500
191,333
193.667
194,385
196,367

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MD

3
3
3
3
3
5
5
3
3
5
3
3
3
5
3
3
5
5
3
3

MEAS.
DEPTH
(FT. BMP)

25,64
25.49
24.54
24.61
24.77
25. 19
24,75
24.75
24,83
24.79
24,57
25.00
25. 10
25.27
25.29
25,20
25,44
25,50
25.59
25,54

CORK,
DEPTH
(FT. BMP)

25.64
25.49
24.54
24.61
24 . 77
25. 19
24 . 75
24.75
24,83
24,79
24.57
25.00
25. 10
25 . 27
25,29
25.20
25,44
25,50
25,59
25.54

ELEV.
(FT.MSL)

5950.89
5951,04
5951.99
5951.92
5951.76
5951.34
5951.78
5951,78
5951,70
5951 .74
5951 .96
5951,53
5951.43
5951 ,26
5951 ,24
5951.33
5951 ,09
5951,03
5950,94
5950,99



WATER-LEVEL DATA FOR TEST WELL: TW-34

MEASURING POINT (MP)
1 MP ELEVATION = 5894.12 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3
5 STEPHENS RECORDER CHART

: TOP OF 4 IN PVC CASING

Fr

li

i

e

DATE

12-14-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-15-84
12-16-34
12-16-84
12-16-84
12-16-84
12-16-84
12-16-84
12-16-84
12-15-34
12-16-84
12-16-84
12-16-84
12-16-84
12-16-84
12-16-84
12-16-84
12-16-84
12-16-84
1-2- 16-84
12-16-34
12-16-34
12-16-34
12-15-84

TIME

1445
1300
1335
1345
1400
1415
1430
1445
1500
1530
1600
1630
1700
1730
1800
1900
2000
2100
2200
2300
2400
100
200
300
400
500
600
700
300
900
1000
1 100
1200
1220
1230
1300
1315
1330
1345
1400
1430
1500
1530
1600

FRAC,
DAYS
(DAYS)

348.615
349.542
349 . 566
349.573
349.583
349.594
349.604
349.615
349.625
349.646
349.667
349.688
349.708
349.729
349.750
349.792
349,333
349.875
349.917
349.958
350. 000
350.042
350.033
350. 125
350. 167
350.203
350.250
350.292
350.333
350.375
350.417
350.458
350.500
350.514
350.521
350.542
350,552
350,563
350. 573
350.533
350.604
350.625
350.645
350.567

MP

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
j.

i

MD

3
3
5
5
5
5
5
5
5
5
5
5
5

. 5
5
5
5
5
5
5
5
5
5
5
5
5
5
5.
5
5
5
3
5
5
5
5
5
5
5
5
5
'3
i=;•_/
cr
•J

MEAS.
DEPTH
(FT. BMP)

24.61
24.54
24.53
24.53
24.53
24.53
24.54
24.55
24.56
24.58
24.60
24.62
24,63
24.65
24.66
24.69
24,71
24.73
24 . 76
24.73
24.30
24.31
24.31
24.82
24.32
24.33
24.34
24.85
24.86
24.86
24 . 87
24.90
24,90
24,90
24.90
24.39
24.33
24 , 37
24 , 37
24.36
24.35
24,34
2-4,33
24.32

CORR.
DEPTH
(FT. BMP)

24.61
24.54
24.53
24.53
24.53
24.53
24,54
24.55
24,56
24.58
24.60
24.62
24,63
24.65
24.65
24.59
24.71
24 . 73
24.76
24 . 73
24.30
24.31
24.31
24.82
24.32
24,33
24.34
24.35
24.36
24.35
24 . 37
24.90
24,90
24,90
24.90
24.39
24,33
24,37
24.87
24.S6
24. 35
24.34
24.33
24 . 32

ELEV.
(FT. MSL)

5869.51
5869.58
5869.59
5869.59
5869.59
5869.59
5869.53
5359 . 57
5869,56
5869,54
5869,52
5869,50
5369,49
5369.47
5369.46
5369,43
5369,41
5369,39
5369,36
5869,34
5369 , 32
5369,31
5369,31
5369,30
5869,30
5369,29
5369,23
5369,27
5369.26
5369 , 26
5369,25
5369,22
5369.22
5369.22
5869.22
5869,23
5369,24
5369,25
5369.25
5359.26
5363,27
5oc q ^oi— ' O II* » i_ u.1

5353 . 23
5359.30



r

r

WATER-LEVEL DATA FOR TEST WELL: TW-35

MEASURING POINT (MP)
1 MP ELEVATION = 5393.08 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3

: TOP OF 4 IN, PVC CASING

0
0

DATE

2-13-85
2-14-85
2-14-35
2-15-85

TIME

1103
1000
1155
1300

FRAC.
DAYS
(DAYS)

194.460
195.417
195.497
196.542

MP MD

1 3
1 3
1 3
1 3

MEAS,
DEPTH
(FT.BMP)

28.30
28.25
28.26
28.31

CORR.
DEPTH
(FT,BMP)

28.30
23.25
28.26
23.31

ELEV.
(FT.MSL)

5869.78
5869,83
5869.82
5869,77



0
t

WATER-LEVEL DATA FOR TEST WELL: TW-36

MEASURING POINT (MP)
1 MP ELEVATION = 5907.66 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3

TOP OF 4 IN, PVC CASING

DATE

2- 2-85
2- 4-85
2- 6-85
2- 7-85
2-12-85
2-13-85
2-15-85

TIME

1353
1230
1035
1015
900
1630
1255

FRAC,
DAYS
(DAYS)

183,578
185,521
187,441
188.427
193.375
194,688
196.538

MP MD

3
3
3
3
3
3
3

MEAS.
DEPTH
(FT.BMP)

27,00
27.43
27. 10
27. 10
27, 16
27, 13
27.21

CORR,
DEPTH
(FT.BMP)

27.00
27.43
27.10
27. 10
27. 16
27. 13
27.21

ELEV.
(FT.MSL)

5380.66
5880.23
5880,56
5880.56
5880.50
5880.53
5380,45



WATER-LEVEL DATA FOR TEST WELL: TW-37

MEASURING POINT (MP)
1 MP ELEVATION = 5960,10 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3

TOP OF 4 IN, PVC CASING

l:

DATE

2- 5-85
2-11-85
2-12-85
2-13-85
2-15-85

'•-
TIME -

840
910
1200
1000
942

FRAC.
DAYS
(DAYS)

187,361
192.382
193,500
194,417
196.404

MP

1
1
1
1
1

MD

3
3
3
3
3

MEAS,
DEPTH
(FT. BMP)

68.91
69.00
69.01
69,09
69, 11

CORR.
DEPTH
(FT, BMP)

63,91
69.00
69.01
69,09
69. 11

ELEV,
(FT, MSL)

5891 . 19
5891. 10
5891.09
5891.01
5390.99

fi

i

\



WATER-LEVEL DATA FOR TEST WELL: TW-3S

MEASURING POINT (MP>
1 MP ELEVATION = 5973,89 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3

: TOP OF 4 IN, PVC CASING

DATE

2-11-35
2-12-85
2-12-85
2-13-85
2-15-85

TIME

930
1015
1115
1140
828

FRAC,
DAYS
(DAYS)

192.396
193,427
193.469
194,486
1 96 . 353

MP

1
1
1
1
1

MD

3
3
3
3
3

MEAS,
DEPTH
(FT, BMP)

87,39
87.88
87.86
87.86
37 . 94

CORR,
DEPTH
(FT, BMP)

87,89
87.83
37.36
87.36
87,94

ELEV,
(FT, MSL)

5886,00
5886 . 0 1
5836,03
5886.03
5885,95

y
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WATER-LEVEL DATA FOR TEST WELL: TW-39

MEASURING POINT (MP)
1 MP ELEVATION = 5397.99 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3

TOP OF 4 IN. PVjC CASING

DATE

2-11-85
2-13-85
2-13-85
2-15-85

TIME

1 110
1103
1210
1300

FRAC.
DAYS
(DAYS)

192.465
194.460
194.507
196.542

MP MD

1 3
1 3
1 3
1 3

MEAS.
DEPTH
(FT.BMP)

28.81
28.90
28,94
28.97

CORR.
DEPTH
(FT.BMP)

28.81
28.90
28.94
28,97

ELEV.
(FT,MSL)

5869.18
5869,09
5869,05
5869,02
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WATER-LEVEL DATA FOR TEST WELL: TW-40

MEASURING POINT (MP)
1 MP ELEVATION = 5990.87 (FT MSL)

MEASURING DEVICE (MD)
3 COLDER ELECTRIC PROBE #3

: TOP OF 4 IN. PVC CASING

FRAC,
DATE TIME DAYS MP MD

(DAYS)

2-17-85 1510 198.632 1 3

MEAS. CORR,
DEPTH DEPTH ELEV.
(FT.BMP) (FT,BMP) (FT,MSL)

84,54 84.64 5906,23
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PROJECT "Q 842'1543 D R A W N £.,4. REVIEWED DATE
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PROJECT D R A W N CX4. REVIEWED DATE
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identical water levels.
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GROUND WATER HYDROGRAPH

MONSANTO TW-36
Figure C-15

WATER-LEVEL ELEVATION (FT.MSL)
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GROUND WATER HYDROGRAPH

MONSANTO TW-40
Figure C-17
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I Note: Water level monitored 3 days
.after well completed.
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